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Water Quality of Streams in and near the Delaware Water
Gap National Recreation Area, Pennsylvania and New

Jersey, 2002-04

By R. Edward Hickman and Jeffrey M. Fischer

Abstract

Water samples were collected during 2002-04 at monitor-
ing stations on 14 streams either within or entering the Dela-
ware Water Gap National Recreation Area. The samples were
collected from April through December of each year, mostly
under low (base-flow) conditions, and were analyzed for
major ions and nutrients (nitrogen and phosphorus). Results of
the analyses, in concert with land-use information in the drain-
age basins associated with the samples, were used to define
water-quality characteristics; to identify relations among water
quality, streamflow, and season; and to establish a baseline and
develop a method that could be used to detect future changes
in water quality.

For a given water-quality characteristic, median values
commonly varied among the 14 water-quality monitoring sta-
tions. For example, the median concentration of total phos-
phorus at the station on Sand Hill Creek (0.033 milligrams per
liter as P) was four times the corresponding median concentra-
tion at the station on Vancampens Brook (0.008 milligrams per
liter as P).

Results of correlations between median values of water-
quality characteristics and land-use characteristics of the
drainage basins indicate that agricultural practices and the
presence of wetlands could be important factors affecting the
concentrations of total nitrogen and total phosphorus in these
streams. Results of analyses of samples from the nine stations
without permitted wastewater facilities in their basins indi-
cate that medians of both total phosphorus and total nitrogen
increased with an increase in the area of agricultural land in
the drainage basins; the levels of significance are 0.01 for total
phosphorus and 0.01 for total nitrogen. When only the seven
stations without permitted wastewater facilities and with less
than 5 percent of the basin in agricultural land are considered,
median concentrations of total phosphorus and total nitro-
gen increased with an increase in the area of wetlands in the
basins; the levels of significance are 0.003 for total phospho-
rus and 0.03 for total nitrogen.

Linear equations between values of each water-quality
characteristic at a station, streamflow, and season were

developed by use of Tobit regression. The variations of water
quality with streamflow and with season were identified from
these equations.

Concentrations of total phosphorus, total nitrogen, and
attenuation turbidity increased with increasing streamflow
at more stations than concentrations decreased with increas-
ing streamflow. Concentrations of dissolved orthophosphate
phosphorus, dissolved nitrate plus nitrite, dissolved ammonia,
and major ions decreased with increasing streamflow at more
water-quality stations than concentrations increased with
increasing streamflow.

Most water-quality characteristics varied with season
at most stations due to reasons other than the seasonal varia-
tion in streamflow. Concentrations of total phosphorus and
total nitrogen during the summer (July-September) often
exceeded concentrations during the spring (April-June) and
fall (October-December). As one example, concentrations of
total nitrogen at the monitoring station on Big Flat Brook are
between 0.1 and 0.2 milligrams per liter as N in the spring and
fall, but increase to between 0.2 and 0.3 milligrams per liter as
N during the summer.

A method based on the linear equations relating water
quality to streamflow and season was developed to detect dif-
ferences in water quality between current (2002-04) and future
conditions. Changes in water quality would be identified by
detecting differences between the intercept of the equation
with current water quality and the intercept of the correspond-
ing equation with future water quality. The intercept represents
an estimate of the water quality at a station with a streamflow
of 1 cubic foot per second during a season in which the sea-
sonal variation of water quality is minimal.

The method to detect future changes in water quality
allows for an estimate of the minimum amount of change
from current water quality (2002-04) that can be detected. For
example, if 10 measurements are made in the future, the mini-
mum detectable changes in total phosphorus or total nitrogen
at any of the stations are 4-12 percent of the intercepts in equa-
tions with current water quality.
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Introduction

The Delaware Water Gap National Recreation Area
(DWGNRA) straddles the boundary between the States of
Pennsylvania and New Jersey (fig. 1). The natural beauty of
this region, combined with its proximity to two major metro-
politan areas (New York and Philadelphia), draws more than
5 million visitors to the DWGNRA each year. Most of these
visitors arrive in the summer for water-based recreation such
as canoeing, kayaking, swimming, and fishing.

The counties adjacent to the Delaware Water Gap
National Recreational Area have been undergoing consider-
able population growth. For example, during 2000-05, the
estimated increases in population of Sussex County, New
Jersey, and Pike County, Pennsylvania, were 6 percent and
22 percent, respectively (U.S. Census Bureau, 2006a). The
population growth in Pike County is expected to continue;

a 23-percent increase during 2005-10 is forecast by the Pike
County Office of Community Planning (Michael Mrozinski,
Pike County Office of Community Planning, written commu-
nication, 2006).

Future increases in population in the adjacent counties
are likely to cause undesirable changes in water quality in the
streams flowing into and through the DWGNRA. Concentra-
tions of nitrogen, phosphorus, and dissolved chloride in the
streams may increase with increasing urban development due
to increased discharge from wastewater treatment plants and
(or) septic systems. These changes in water quality may, in
turn, produce undesirable changes in the aquatic biota in these
streams; algae may increase and populations of pollution-
intolerant fish may be reduced.

The Delaware River Basin Commission (DRBC), which
oversees the management of the water resources within the
Delaware River Basin, has recognized the need to protect the
exceptional water quality and ecology of the tributaries of the
Delaware River within DWGNRA. In 1992, the DRBC des-
ignated these waters “Outstanding Basin Waters” and enacted
the “Special Protection Water Regulations.” These regulations
prohibit human development from causing any measurable
change in water quality in the streams draining to the Dela-
ware River within the DWGNRA.

To use these anti-degradation regulations to protect the
water quality of the DWGNRA tributaries, three types of
information are needed. First, sufficient data are needed to
describe current water quality. Although water-quality data
have been collected by Pike and Monroe counties in Pennsyl-
vania, the States of Pennsylvania and New Jersey, the DRBC,
and the NPS, these data are not considered sufficient to define
current water quality. Many streams were not sampled or sam-
pled only quarterly. Methods differed from agency to agency.
Some laboratory methods had high reporting levels resulting
in many nondetect values.

Second, there needs to be a method to indicate whether
the future water quality will be different from the current
water quality. Water quality often varies with streamflow

and season. For instance, concentrations of phosphorus and
nitrogen in streams typically are elevated during high spring
and summer streamflow following fertilizer applications;
alternately, concentrations in streams downstream from
metropolitan areas may be highest during periods of low flow,
when contributions from point sources are greater relative

to streamflow, and dilution is less (U.S. Geological Survey,
1999). Therefore, a method is more likely to detect changes
between current and future water quality if the variations of
water quality with stream and season are accounted for.

Third, there needs to be a plan to monitor water quality in
the future to allow detection of changes between current and
future water quality. This plan should be designed on the basis
of the method used to detect changes between current and
future water quality.

To address these issues, the DWGNRA received funding
from the NPS-USGS Water Quality Assessment and Monitor-
ing Partnership for a project to provide baseline water-quality
data and an understanding of water-quality in streams entering
the Delaware Water Gap National Recreation Area. Objectives
of this investigation were

* Collect samples of water in 14 streams within or enter-
ing the Delaware Water Gap National Recreation Area
during selected seasons in 2002-03 and analyze them
for concentrations of plant nutrients and major ions;
the period of data collection was changed to 2002-04
because of drought conditions in 2002.

* Provide an overall assessment of the current and poten-
tial effects of development on long-term and episodic
water quality in streams.

* Develop a cost effective strategy for future monitoring.

Purpose and Scope

The purpose of this report is twofold. First, selected
results of the analyses of water samples collected at monitor-
ing stations on 14 streams in and near the Delaware Water Gap
National Recreation Area during the spring, summer, and fall
of 2002-04 are presented. The water-quality properties and
constituents discussed in this report are dissolved oxygen, spe-
cific conductance, pH, attenuation turbidity, phosphorus and
nitrogen species, acid-neutralizing capacity, dissolved calcium,
and dissolved chloride.

Some basin characteristics that appear to affect water
quality, such as land use, geology, and the presence of permit-
ted wastewater facilities, are identified. Also identified was
whether values of a water-quality characteristic at a station (a)
increased or decreased with increasing streamflow, and (or)
(b) changed with the season. Summary statistics and boxplots
are provided for each water-quality characteristic at each
monitoring station.

Second, a method to detect differences between cur-
rent water quality and water quality measured in the future
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is described. Estimates of the minimum amount of change
in each water-quality characteristic that can be detected are
presented.

Description of the Study Area

The Delaware Water Gap National Recreation Area is
a 69,300-acre park maintained by the National Park Service
(NPS) along a 40-mile reach of the Delaware River (fig. 1).
The park is mostly undeveloped; 81 percent is forested (fig. 2).

Numerous tributaries of the Delaware River pass through
the park; some of these tributaries are shown in figure 2. Most
of the drainage basins of these tributaries are outside of the
park, and only the most downstream parts of the basins are
within the park.

Most of the tributaries to the Delaware River within the
DWGNRA have very high quality water, according to the
National Park Service (National Park Service, 2006). Some of
these tributaries support self-sustaining populations of eastern
brook trout (Salvelinus fontinalis), a fish that survives only
in the coldest and cleanest water (Eastern Brook Trout Joint
Venture, 2006).

Previous Investigations

Available information suggests that concentrations of
phosphorus and nitrogen are likely to increase due to an
increase in discharges from wastewater treatment plants and
(or) septic systems, as well as from other sources such as
increased soil erosion and fertilizer use. The USGS (1999)
summarized concentrations of phosphorus and nitrogen in
selected streams throughout the Nation; in general, concentra-
tions were greater in streams draining predominantly urban
basins than in streams draining undeveloped basins. Fischer
and others (2004) examined base-flow concentrations of total
nitrogen and total phosphorus measured during May and
June 1999-2001 in streams with drainage basins composed
of 10 percent or less agricultural land use and located in the
Delaware River Basin; they concluded that concentrations
in streams with drainage basins composed of more than 10
percent urban land were greater than corresponding concen-
trations in streams with basins composed of less urban land
They also noted that the percentage of all samples (base-flow
and stormflow) in which phosphorus concentration exceeded
0.1 milligrams per liter as phosphorus increased with the
percentage of basin composed of urban land. Heisig (2000)
reported the results of base-flow samples collected on streams
draining mostly unsewered basins in the Croton Watershed
in New York State during 1996-97; Heisig concluded that
concentrations of nitrate in streams under base-flow conditions
increased with the density of unsewered housing in the basin.

Concentrations of dissolved chloride also may increase
with increasing urban development due to increased discharge
from wastewater treatment plants and (or) septic systems—
chloride is commonly present in domestic wastewater —as

well as that washing off road surfaces. Fischer and others
(2004) reported that concentrations of dissolved chloride
measured in streams under base-flow conditions in the Dela-
ware River Basin during May and June 1999-2001 increased
with the road density in the basin. Heisig (2000) reported that
chloride concentrations measured under base-flow conditions
during 1996-97 in the Croton Watershed increased with the
amount of salt applied to roads in the basins.

The effects of increasing urbanization, including
increases in concentrations of plant nutrients and dissolved
chloride in the streams, may cause undesirable changes in
aquatic biota in these streams. From stream samples col-
lected in the Delaware River Basin during 1998-2001, Fischer
and others (2004) reported that EPT richness (the number of
mayflies, stoneflies, and caddisflies) and habitat quality of the
streams declined with increasing road density. The decline in
EPT richness indicates that the relative abundance of pollu-
tion-sensitive benthic invertebrates decreased with increasing
road density.

Design and Methods of Study

Current stream water quality conditions in the Delaware
Water Gap National Recreation Area were determined on the
basis of the collection and analysis of samples from 14 moni-
toring stations on tributaries to the Delaware River that pass
through the Delaware Water Gap National Recreation Area.
The data resulting from field measurements and from labora-
tory chemical analysis of water samples were summarized;
analyzed by graphical and statistical methods to identify rela-
tions between water quality, streamflow, season, and (or) basin
characteristics; and used to determine the minimum amounts
of future change in properties and constituent concentrations
at a station which could be detected by a described method.

Collection of Water-Quality and Land-Use Data

The 14 stations where samples were collected are
described in table 1 and the locations are shown in figure 2.
Stations were selected (1) to be near to or within the park, (2)
to represent a range of development conditions, (3) to be suit-
able for water-quality sampling and streamflow measurement,
and (4) to include as many streams as feasible.

Of these stations, 13 are located on the tributaries near
where they enter the park (fig. 2, table 1). The basins associ-
ated with these stations range in size from 3.7 to 117 mi?and
lie either entirely or almost entirely outside of the park. The
7.4-mi’ drainage basin of the station on Vancampens Brook
(station 01440100) lies entirely within the park.

The land-use data used to characterize these basins were
obtained from the interpretation of satellite imagery collected
during the early to mid 1990s (1992 National Land Cover
Data), modified to represent the amount of urban land in
2000. A description of the 1992 National Land Cover Data
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(NLCD®92) can be found in a report by the U.S. Geological
Survey (2006). Data in the NLCD92 were modified by Rachel
Riemann (U.S. Forest Service, written commun., 2005) to
effect two changes. On the basis of local road density levels,
the classification of some pixels was changed from “unde-
veloped” to “urban.” This had two effects—first, correcting
for development not recognized because of leaf cover and
procedures originally used to classify the imagery, and second,
changing the extent of urban land depicted in the NLCDO92 to
that which existed in 2000. This was accomplished by merging
NLCD92 information for the basins with local road density
calculated from the 2000 TIGER Line dataset (U.S. Census
Bureau, 2006b). Those pixels classified as “forested”, “agri-
culture”, or “transition” in the NLCD92 were reclassified as
“low-intensity urban use” if the road density of the pixel was
above a certain threshold. These techniques are described in
Lister and others (2005).

The drainage basins associated with the stations are
predominantly forested; forest land use makes up 63 percent
or more of the area of each basin (table 2; fig. 3). High-density
urban land accounts for a maximum of 8 percent of each
basin; low-density urban land, a maximum of 22 percent; and
agricultural land, a maximum of 18 percent.

As shown in table 2, some type of permitted wastewater
facility is discharging to the basin of 5 of the 14 streams. This
information was provided by the New Jersey Department of
Environmental Protection (Thomas Cosmas, written commun.,
2007) and obtained from the Pennsylvania Department of
Environmental Protection website, accessed April 3, 2007, at

http://www.emappa.dep.state.pa.us/emappa/viewer.htm. The
permitted discharges include discharges from septic systems.

Field and Laboratory Methods

Physical characteristics and concentrations of plant nutri-
ents and major ions were either measured in the field by NPS
and USGS personnel or determined from laboratory analysis
of samples they collected (table 3). Values of all water-quality
characteristics were stored in the USGS National Water
Information System (NWIS) computer system (described in
Mathey, 1998) and can be retrieved from the NWIS web-
site http://waterdata.usgs.gov/usa/nwis/qw; these data have
also been published in Deluca and others (2005, 2006). An
additional sample collected at each station was analyzed for
manmade organic compounds; results are presented in Deluca
and others (2005) and are available from NWIS.

Field measurements were made and samples were
collected for analyses during May-November of 2002 and
April-December of 2003 and 2004 (table 3); there were no
measurements or samples during January-March. Samples for
plant nutrients were collected 12 to 15 times per year at each
station; samples for major ions were collected at least 5 times
per year (about every 6 weeks). Samples were collected over
a range of flow conditions, but most were collected under
“base-flow” conditions (times other than during or immedi-
ately following storms). During spring (March-May) and fall
(October-December), samples were collected approximately

Table 1. Water-quality monitoring stations on streams in and near the Delaware Water Gap National Recreation Area, Pa. and N.J.,
2002-04.

[Short name, shortened version of station name; latitude and longitude are in degrees, minutes, seconds; drainage area is in square miles; Cr, creek; Br,
brook]

Short name ::?I:Loenr Station name Latitude Longitude Dr:irl;e;ge
Adams Creek 01438754 Adams Creek below Long Meadow Brook near Edgemere, Pa. 411540 0745324 3.7
Big Flat Brook 01439830 Big Flat Brook at Tuttles Corner, N.J. 411200 0744855 28.3
Bush Kill 01439500 Bush Kill at Shoemakers, Pa. 410517 0750217 117
Dingmans Creek 01438892 Dingmans Creek above Dingmans Falls near Dingmans Ferry,Pa. 411347 0745350 13.9
Hornbecks Creek 01439092 Hornbecks Creek at Emery Road near Dingmans Ferry, Pa. 411145 0745436 6.4
Little Bush Kill 01439680 Little Bush Kill at Bushkill, Pa. 410552 0750015 32.6
Little Flat Br 01439920 Little Flat Brook at Peters Valley, N.J. 411154 0745009 14.7
Raymondskill Cr 01438700 Raymondskill Creek near Milford, PA. 411811 0745121 20.4
Sand Hill Creek 01439570 Sand Hill Creek at Bushkill, Pa. 410506 0750032 3.5
Sawkill Creek 0143839602  Sawkill Creek 1000 ft above Mouth at Milford, Pa. 411900 0744759 24.7
Shimers Brook 01438400 Shimers Brook near Montague, N.J. 411847 0744651 7.1
Toms Creek 01439400 Toms Creek at Egypt Mills, Pa. 410733 0745720 9.3
Vancampens Br 01440100 Vancampens Brook near Millbrook, N.J. 410328 0750012 7.4
Vandermark Cr 01438301 Vandermark Creek at 4th Street at Milford, Pa. 411930 0744749 5.2




Table 2.
Water Gap National Recreation Area, Pa. and N.J., 2002-04.
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Land-use characteristics of basins associated with water-quality monitoring stations on streams in and near the Delaware

[Data are from the USGS National Land Cover data for 1992 (U.S. Geological Survey, 2006), after modification by Rachel Riemann (U.S. Forest Service;

see discussion in text) to identify low-density urban land use; information indicating the presence of a permitted wastewater facility discharging to basins was
obtained from a communication from the New Jersey Department of Environmental Protection (Thomas Cosmas, written commun., 2007) and from informa-
tion on the Pennsylvania Department of Environmental Protection website accessed April 3, 2007, at http://www.emappa.dep.state.pa.us/emappa/viewer.htm]

Land use, in percent of drainage basin, rounded to 0.1 percent

(USGS NLCD92 land use classes)

There is a per-

mitted waste-

Short name Station Hig'T- Low.- ; water facilit
number density density  Agricul-  Forested Wet- Water Other discharain t‘:)

urban urban tural (41,42, lands 1) (31,32, bas%n 9

(21,22, (27, 28, (81, 82) 43) (91, 92) 33)

23, 85) 29)
Adams Creek 01438754 2.3 8.9 1.1 81.5 34 1.8 1 No
Big Flat Brook 01439830 0.4 0.9 0.4 93.2 2.2 1.2 1.7 No
Bush Kill 01439500 0.5 5.4 0.4 81.9 9.4 2.2 0.2 Yes
Dingmans Creek 01438892 4.2 19.4 0.2 64. 6.1 6 0.1 No
Hornbecks Creek 01439092 55 19.3 2.8 62.5 55 4.4 0 No
Little Bush Kill 01439680 0.9 6.5 0.6 73.5 14.7 32 0.6 Yes
Little Flat Br 01439920 3.1 2.4 18.4 69.6 5.7 0.7 0 No
Raymondskill Cr 01438700 1.3 13.2 1.1 69.9 11.2 3.2 0.1 No
Sand Hill Creek 01439570 6 11.8 3.2 69.4 6.1 35 0 Yes
Sawkill Creek 0143839602 2 8.1 1.1 83.5 4.3 1 0 Yes
Shimers Brook 01438400 8.5 6.9 53 70.4 4.7 4.3 0 No
Toms Creek 01439400 1.2 215 0.5 74.4 1.5 0.7 0.2 No
Vancampens Br 01440100 32 1 0.3 92.8 1.7 1.1 0 No
Vandermark Cr 01438301 3.7 7.6 0.6 87.3 0.6 0.2 0 Yes

every 4 weeks. During summer (June-September), samples
were collected every 2 weeks. At least one additional sample
was collected under “stormflow” conditions (during or imme-
diately following rainstorms) each year at each site.

Measurements of plant nutrients and major ions (table 4)
were made on composite water samples, which were collected
in a 3-liter polyethylene bottle at multiple points across the
stream; collection techniques are described by Shelton (1994).
The majority of samples for laboratory analysis were collected
by personnel wading the stream and using either an open
bottle or a DH-81 sampler (Federal Interagency Sedimentation
Project, undated); a few samples were collected from a bridge
by lowering an open bottle on a line. All equipment was
cleaned prior to the collection of each sample.

Subsamples to be sent to the laboratory for determination
of concentrations of nutrients and major ions were obtained
from the 3-liter bottle after it was shaken. Subsamples for dis-
solved constituents were filtered through a 0.45-micrometer

membrane filter. All samples were chilled prior to transport to
the laboratory.

Two types of quality-assurance/quality-control (QA/QC)
samples for plant nutrients and major ions were collected —
blanks and replicates. A blank was created by putting deion-
ized water through the equipment used for sample collection,
compositing, and filtration. A replicate of a selected environ-
mental sample was obtained by collecting a second environ-
mental sample using the same sampling protocols. Blanks
and replicates were processed by the same methods used for
environmental samples and then chilled and sent to the labora-
tory for analyses.

Water temperature, dissolved oxygen, pH, and specific
conductance were measured directly in each stream by use of
field meters (table 4). The values for water from the center of
the stream are reported. All values of dissolved oxygen con-
centration in this report are expressed as percent of saturation;
values are expressed in this way to investigate effects other
than temperature on dissolved oxygen.
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Figure 3. Land use in drainage basins associated with water-quality monitoring stations on streams in and near the Delaware Water

Gap National Recreation Area, Pa. and N.J., 2002-04. [Cr., Creek; Br., Brook]

Attenuation turbidity was measured in a sample collected
at the center of each stream. Attenuation turbidity values in
this report were determined with a LaMotte Colorimeter,
which determines turbidity as function of the amount of inci-
dent light absorbed by the water sample (LaMotte Company,
1997); the light detector is 180 degrees to the incident light
source. This is a nonstandard method to measure turbidity; the
standard method is to determine turbidity from measurements
of the amount of light scattered at 90 degrees to the incident
light source (American Public Health Association, 1998). The
values measured by the LaMotte Colorimeter are affected by
both the color of the water and the concentration of particles
(Tim Parent, LaMotte Company, written commun., 2007).
The term “attenuation turbidity” is used throughout this report

to remind the reader that these values were collected with a
nonstandard method.

Streamflows at the times of sample collection were mea-
sured or estimated at 13 of the 14 water-quality monitoring
stations; methods are described in appendix 1. Streamflows
associated with samples collected from Vandermark Creek
at 4th Street at Milford, PA, (station 01438301) were not
determined or estimated because this station was added at the
last moment prior to sampling and because a site suitable for
streamflow measurement could not immediately be found.

Laboratory methods used to analyze the water samples
are listed in table 4. The concentration of each plant nutrient or
major ion reported here was determined at the USGS National
Water-Quality Laboratory in Denver, Colo. Three types of



Table 3.
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Number of measurements of physical characteristics, plant nutrients, major ions, and organic compounds at

stations on streams in and near the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Measurements were either made in the field or from laboratory analysis of samples collected in the field]

Water-quality characteristic

Average number of
measurements per
station

Physical characteristics (including streamflow)

Streamflow (See Appendix 1)
Specific conductance 43
pH 43
Water temperature 44
Dissolved oxygen, in milligrams per liter 43
Dissolved oxygen, in percent of saturation 42
Barometric pressure 44
Attenuation turbidity 42
Suspended sediment 13
Plant nutrients
Total phosphorus 44
Dissolved orthophosphate phosphorus 43
Total nitrogen 19
Total organic nitrogen plus ammonia 25
Dissolved ammonia 43
Dissolved nitrate plus nitrite 43
Dissolved nitrite 43
Major ions
Acid-neutralizing capacity 18
Dissolved aluminum 6
Dissolved boron 18
Dissolved calcium 18
Dissolved chloride 18
Dissolved fluoride 11
Dissolved magnesium 18
Dissolved silica 18
Dissolved sodium 18
Dissolved sulfate 18
Residue of dissolved constituents upon evaporation 18

Organic compounds commonly found in wastewater

The 67 compounds, including surfactants and their degradates, food additives, fragrances, anti-
oxidants, flame retardants, plasticizers, industrial solvents, disinfectants, fecal sterols, polycyclic- 1
aromatic hydrocarbons, and high-use domestic pesticides are listed in Zaugg and others (2002)

concentration values were reported; each concentration value
consists of a remark code and a numeric value. An uncensored
value (remark code is a blank) indicates that the concentra-
tion was reliably determined to be greater than or equal to

the laboratory reporting level. An estimated value (remark
code = “E”) indicates that the analyte was detected but could
not be reliably quantified by the laboratory. A nondetect value
(remark code = “<”) indicates that the concentration is less
than the reporting level. For a given constituent, the reporting

level sometimes changed during the period of study as a result
of changes in methods, reporting protocol, or the presence

of substances in the sample that interfered with the results of
analysis.
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Table 4.

Selected water-quality characteristics measured at stations on streams in and near the Delaware Water Gap National
Recreation Area, Pa. and N.J., 2002-04.

[Physical characteristics were measured in the field; measurements of plant nutrients and major ions were determined from laboratory analysis of samples
collected in the field; mg/L, milligrams per liter; P, phosphorus; N, nitrogen; CaCOB; calcium carbonate; Cl, chloride; Ca, calcium; n.a., not applicable]

Characteristic

Laboratory method

Comment

Physical characteristics

Instantaneous streamflow, in cubic
feet per second

Dissolved-oxygen concentration, in
percent saturation

Specific conductance, in microsiemens
per centimeter at 25 degrees Celsius

pH, in standard units

Attenuation turbidity, in attenuation
units

n.a.

n.a.

n.a.

n.a.

n.a.

Determined for 13 of the 14 stations using a variety of
methods (see Appendix 1)

Calculated by use of equation provided by R.J. Pickering
(U.S. Geological Survey, written commun., 1981) and
from field measurements of water temperature, specific
conductance, dissolved oxygen in mg/L, and barometric
pressure; measurements of dissolved oxygen in mg/L
were made with a YSI 54A

Measured with a YSI 30

Measured with an Oakton pH Testr 2

Measured with a LaMotte Smart Colorimeter; values
reflect true color as well as particles

Plant nutrients

Total phosphorus, in mg/L as P
Dissolved orthophosphate
phosphorus, in mg/L as P
Total nitrogen, in mg/L as N

Total organic nitrogen plus
ammonia, in mg/L as N

Dissolved nitrate plus nitrite, in

EPA 365.1 in Methods for the
Determination of Inorganic Sub-
stances in Environmental Samples
(EPA/600/R-93/100)

Fishman (1993)

Patton and Kryskalla (2003)

Patton and Truitt (2000)

None

None

Measurements began 10/1/2003

Measurements ended 9/30/2003

mg/L as N Fishman (1993) None

Dissolved ammonia, in mg/L as N Fishman (1993) None
Major ions

Acid-neutralizing capacity, in Fishman and Friedman (1989) None

mg/L as CaCO,

Dissolved calcium, in mg/L as Ca Fishman (1993) None

Dissolved chloride, in mg/L as Cl Fishman and Friedman (1989) None




Analyses of Data

Methods discussed in this section include those used to
(1) calculate medians and create boxplots for datasets with
nondetect values, and (2) determine if values of physical
properties or chemical constituents increased or decreased
with changes in streamflow, season, or selected basin charac-
teristics. A method to identify future changes in water quality
is presented, and the amount of change which can be detected
is discussed.

Modification of Values Reported by Laboratory

For some of the nutrients and major ions discussed in
this report, the USGS National Water Quality Laboratory set
reporting levels of nondetect values to twice the method detec-
tion limit. This practice was used to minimize the probability
of having a false negative and is discussed in Oblinger-Chil-
dress and others (1999). According to Helsel (2005), however,
this doubling of the detection level produces bias when the
values are interpreted. For that reason, the reporting levels for
these nondetect values were set back to the method detection
level (half the reporting level from the laboratory). This action
was suggested by Helsel (2005) as one way to avoid bias in
the interpretation of these values.

For samples collected prior to October 1, 2003, con-
centrations of total nitrogen were calculated by summing
concentrations of total organic nitrogen plus ammonia and
dissolved nitrate plus nitrite. A reporting level of 0.1 mg/L for
the calculated values of total nitrogen was selected so as to be
greater than the reporting levels for total organic nitrogen plus
ammonia (0.05 mg/L as N) or dissolved nitrate plus nitrite
(0.025 or 0.03 mg/L as N) after reporting levels were halved.
Below is the set of rules under which values of total nitrogen
were calculated.

(1) Estimated concentrations of total organic nitrogen plus
ammonia and dissolved nitrate plus nitrite were consid-
ered uncensored values.

(2) For the purposes of calculating total nitrogen, nonde-
tect concentrations were set to 0.

(3) Concentrations of total organic nitrogen plus ammonia
and dissolved nitrate plus nitrate were summed.

a) If the sum was greater than or equal to 0.1 mg/L
as N, the concentration of total nitrogen was
considered to be uncensored and equal to the
sum.

b) If the sum was less than 0.1 mg/L as N, the
concentration of total nitrogen was set to
“<0.1 mg/L as N.”
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Calculation of Medians with Nondetect Values

If nondetect values accounted for less than 50 percent
of the set of measurements for a water-quality characteristic
at a station, the median of all values was determined without
regard to the remark codes. All of these medians were deter-
mined to be greater than or equal to the greatest reporting level
of the nondetect values.

If nondetect values accounted for 50 to 80 percent of a
set of measurements, the median was estimated by use of the
regression on order of statistics (ROS) method described in
Helsel (2005). Calculations were done with a computer pro-
gram obtained from the “Practical Statistics for the Sciences”
website accessed July 19, 2005, at http://www.practicalstats.
com/index.html.

Medians were not estimated for dissolved orthophosphate
phosphorus and dissolved ammonia measured for some sta-
tions because more than 80 percent of the values were nonde-
tect values. For these stations, the medians are shown as being
less than the greatest reporting level of the nondetect values.

Creation of Boxplots with Nondetect Values

The following rules were used to create boxplots of the
measurements of each water-quality characteristic at each sta-
tion when the measured values included nondetect values.

(1) If 5 percent or less of the set of measurements at all
stations were nondetect values, then all values were
treated as uncensored.

(2) If more than 5 percent of the set of measurements at
any station were nondetect values, then

a) the greatest reporting level of nondetect val-
ues at all stations was determined and shown
in the figure, and

b)  boxplots of values for all stations were cen-
sored at this greatest reporting level.

Summary of Water-Quality Values in Blanks and
Replicates

A summary of concentrations of nutrients and major ions
in the blanks and replicate/sample pairs (each pair is com-
posed of a replicate and the associated sample) is presented.
For blanks, the summary includes the number of blanks in
which the compound was detected, the greatest concentration
detected, and the greatest reporting level of nondetect concen-
trations. For replicate/sample pairs, the summary includes (a)
the number of replicate/sample pairs with incongruous results
and (b) the median and maximum differences between concen-
trations in replicates and corresponding samples. Incongruous
results are considered to exist if a compound was detected in
only the sample or in only the replicate, but not in both. Dif-
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ferences between concentrations in replicates and correspond-
ing samples were not calculated for those replicate/sample
pairs with incongruous results; a difference between nondetect
concentrations in both sample and replicate was recorded as
Zero.

Relations Between Water-Quality and Basin
Characteristics

The Kendall’s tau method (described in Helsel and
Hirsch, 1992) was used to determine whether, for a selected
water-quality characteristic, median values increased or
decreased with increasing values of either (1) land use in
the associated drainage basins, or (2) median values of other
water-quality characteristics; calculations were done with the
Corr procedure (SAS Institute, Inc., 1999a). This nonparamet-
ric method measures the strength of monotonic correlation
between two variables; an increase or decrease in the selected
water-quality characteristic was considered to exist if the level
of significance of the correlation was 0.05. Correlations for
each water-quality characteristic were calculated with only
those stations for which uncensored median concentrations
could be calculated.

Some relations identified by use of Kendall’s tau were
plotted. In each plot, a LOWESS curve shows a smoothed
relation between the two variables. The method of calculation
of LOWESS curves is briefly described in Helsel and Hirsch
(1992).

Equations Relating Water-Quality
Characteristics, Streamflow, and Season
Equations relating values of physical properties or chemi-

cal concentrations in a water sample from a station to stream-
flow and season took one of the two following forms:

C=B,+|B,*log(Q)| + (1
{(B2 * 5in(0.0172* jday)) + (B, * cos(0.0172% jday) )},

or
log(C) =B, +|B, * log(Q)| + )

{(B2 *sin(0.0172% jday)) + (B, * cos(0.0172% jday))|,

where
log = base-10 logarithm;
C = value of selected physical property or
chemical concentration;
B, = intercept;
B, = coefficient for logarithm of streamflow;
0 = streamflow, in cubic feet per second;

B, = first seasonal coefficient;

sin = sine;
jday = day of the year;

B, = second seasonal coefficient; and
cos = cosine.

For each water-quality characteristic, the selection of
whether to use equation 1 or equation 2 to relate water-quality
values to streamflow and season was based on an examination
of the plot of the data. Equation 1 was selected for dissolved
oxygen concentration and pH; equation 2 was selected for all
other water-quality characteristics.

The sine and cosine terms in equations 1 and 2 are the
seasonal terms. The form of the seasonal terms was taken
from Helsel and Hirsch (1992); two seasonal terms are needed
to define the amplitude and the phase shift of the relation
between water-quality characteristic and season.

Equations were developed by use of Tobit regression
(briefly described in appendix 2) rather than least-squares
regression, because in equations 1 and 2, Tobit regression
allows the water-quality values to be nondetect values. If all
values of a water-quality characteristic are detected, the results
of Tobit regression are the same as for least-squares regres-
sion.

Equations were not developed if more than 80 percent
of the measured values were “non-detects” and if there were
fewer than 12 detected values. These requirements (that 20
percent of the water-quality values should be detected and that
three or more detected values for each coefficient including
the intercept were available) were suggested by David Lorenz
(U.S. Geological Survey, written commun., 2007).

Equations were not reported if the assumptions of linear-
ity, normality, and constant variance were not met. Linearity,
constant variance, and normality of the data were verified by
examining plots of data and residuals. How well the values
predicted with each equation matched measured values was
determined from an examination of plots of predicted and
measured values as a function of streamflow and season. The
effect of outlying points was considered. Plots of residuals as a
function of streamflow and season were examined to deter-
mine whether there was constant variance. Probability plots
of residuals were examined to determine if the residuals were
normally or near normally distributed.

For 13 of the 14 stations, streamflow values were those
instantaneous values measured or estimated at the time of
sampling at the stations. The daily mean streamflows at Flat
Brook near Flatbrookville, N.J., (01440000) on the days of
sample collection were used in place of streamflows at the sta-
tion on Vandermark Creek (01438301). No analysis was made
to determine whether the daily streamflow in Flat Brook was
representative of streamflow in Vandermark Creek.

Variation of Water Quality with Streamflow

Whether the value of a physical property or chemical
constituent changed with increasing streamflow was deter-



mined from the value of B, in either equation 1 or equation 2.
An increase was considered to exist if B, was greater than 0 at
a 0.05 level of significance; a decrease was considered to exist
if B, was less than 0 at a 0.05 level of significance.

Variation of Water Quality with Season

A nested F-test (described in Helsel and Hirsh, 1992) was
used to determine whether the value of a physical property or
chemical constituent varied with season for reasons other than
the seasonal variation of streamflow. The outcome of the test
was used to determine whether a “complex” equation with
seasonal terms was significantly better than a “simple” equa-
tion without seasonal terms in explaining the variation in the
values of a water-quality characteristic at a station. The “com-
plex” equations are equations 1 and 2 previously discussed.
The corresponding “simple” equations are

C=B,+ B, (log(Q)), (3)
and
log(C) = B, + B, (log(Q)), 4)
where
log = base-10 logarithm;
C = value of selected water-quality
characteristic;
B, = intercept;
B, = coefficient for logarithm of
streamflow; and
(0] = streamflow, in cubic feet per second.

One equation was used for all relations for each water-
quality characteristic. Equation 3 was used for dissolved
oxygen concentration and pH. Equation 4 was used all other
water-quality characteristics.

The following equation for a nested F-test was taken
from Helsel and Hirsch (1992).

_ (SSE - SSE )/ (df,-df.) | 5)
- (SSE_/df )
where
F = test statistic,
SSE, = sum of squares of errors for simple
equation 3 or 4,
SSE. = sum of squares of errors for complex
equation 1 or 2,
df, = degrees of freedom of simple model, and
df, = degrees of freedom of complex model.

The degrees of freedom of the simple model and complex
model are defined as
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dfs =n-2, (6)
and
df.=n-4, (7
where
df, = degrees of freedom of simple model,
df, = degrees of freedom of complex model, and
n = number of measurements in model.

Equation 5, however, is formulated for use with least-
squares regression and was modified for use with Tobit
regression by substituting values of “scale” (see Appendix 2)
in place of values of sum of squares of error by use of equa-
tion 8:

SSE = scale? x df , 8)
where
SSE = sum of squares of error,
scale = measure of “goodness of fit” from Tobit
regression, and
df = degrees of freedom.

Substituting equations 6 to 8 into equation 5 produces the
equation given below. It is this equation that was used to deter-
mine the value of the test statistic F-test with Tobit regression.

B ((scale? x (n-2)) - (scale? x (n-4)))/(2)

F )
scale?
where
F = test statistic,
scale, = scale for simple equation 3 or 4,
scale, = scale for complex equation 1 or 2, and
n = number of measurements.

For this report, the complex model was considered to be
significantly better than the simple model in describing the
variation of the water-quality values if the test statistic (F)
equaled or exceeded the value of the F distribution with 2 and
df, degrees of freedom at a 0.05 level of significance. In these
cases, the values of water quality were considered to vary with
season.

Detection of Future Changes in Water Quality

Differences between current and future values of a water-
quality characteristic are based on equations between values
of that water-quality characteristic at a station, streamflow,
and season. Separate equations are developed by use of Tobit
regression for values of current water quality and water qual-
ity to be measured in the future. The form of the equation for
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a selected water-quality characteristic at a station is shown
either by equation 1 or equation 2.

Differences between current and future values of a water-
quality characteristic at a station are based on a comparison of
the intercepts in the two equations. The method of comparison
of intercepts was provided by Gregory Schwarz (U.S. Geolog-
ical Survey, written commun., 2005). The comparison is based
on the following equation:

t=(B,-B

) / |var(delta(intercepts))| %, (10)

or
where
t = test statistic,
= intercept of relation with current
values of a water-quality characteristic at a
station,
B, = intercept of relation with future value of a
water-quality characteristic at a station, and
var(delta(intercepts)) = variance of the difference
between the intercept with current water
quality and the intercept with future water
quality.

Op

The two intercepts will be known, but the variance of the
differences between intercepts will not. The variance term,
however, can be approximated from the number of measure-
ments of current and future water quality and the variance of
the errors in the relation for current water quality using the
equation

Var(delta(intercepts)) = ((m + n) /
(m * n)) (Var(errors)),

an

where
Var(delta(intercepts)) = variance of the
difference between intercepts,
m number of current measurements,
n number of future measurements, and
Var(errors) = variance of the errors in the
relation with current water quality.

In turn, the variance of the errors of the relation can be
approximated with the mean square error of the relation with
current water quality using the equation

Var(errors) =~ MSE, (12)
where
Var(errors) = variance of the errors in the relation,
and
MSE = mean square error of relation with current

water quality.

If values in equations 11 and 12 are substituted in equa-
tion 10 and scale is substituted for mean square error, equa-
tion 13 is the result. This equation can be used to determine
whether the intercepts are significantly different from one

another. All values on the right hand side will be known after
the future sampling.

t=(B,-B,)/|((m+n)/(m*n)) (scale?)|?>,

where

Op

o

scale

(13)

= test statistic,

= intercept of relation with current water
quality,

= intercept of relation with future water
quality,

= number of current measurements,

= number of future measurements, and

= measure of “goodness of fit” from Tobit
regression relation with current water
quality.

The value of t is calculated using equation 13, then com-
pared to the value of t_ which is the value of the t distribution
for df__ degrees of freedomand a 0.05 level of significance.
The value for df__ is calculated using the equation

where

df;‘rit
m
n

df, . =(m+n-3), (14)

degrees of freedom,
number of current measurements, and
number of future measurements.

If the value of t equaled or exceeded the value of t__, the

crit”

two intercepts are considered to be different, and water qual-
ity of the future is considered to be different than the current

water quality.

The amount of change that can be detected in the inter-
cept of the equation with current water quality can be esti-
mated. Equation 13 can be rearranged into equation 15, from
which the amount of change in intercept with current water
quality can be detected.

(B,
where

op

B, y

crit

m

n

scale

-B,)=(t

) ((m + n)/ (m* n))*(scale?)|>?,

5)

crit

= intercept of relation with current water
quality,

= intercept of relation with future water
quality,

= value of t distribution for given degrees
of freedom of complex model and a 0.05
level of significance,

= number of current measurements of water
quality,

= number of future measurements of water
quality, and

= measure of “goodness of fit” from Tobit
regression relation with current water
quality.
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For a relation in which the value of the water-quality
characteristic is untransformed, the change in intercept which
can be identified is

delta = (16)

(B,-B,)!(B, )}k 100,

where

delta = change in intercept with current water
quality, in percent;
= intercept in relation with current water
quality; and
intercept in relation with future water
quality.

Op

of

For a relation in which the value of the water-quality
characteristic is expressed as a logarithm, the change in inter-
cept which can be identified is

delta = (exp(B,, - B, ) - 1)* 100, (17)

where

delta = change in intercept with current water
quality, in percent;
exp = exponent;
= intercept in relation with current water
quality; and
intercept in relation with future water
quality.

Op

o

As an alternative to the comparison of intercepts, the
nonparametric seasonal rank sum test (described in Helsel and
Hirsch, 1992, p. 118 and 348) can also be used to determine
if the values of water-quality characteristics measured in the
future are, as a group, different from the values measured dur-
ing 2002-04. This method, which compares the relative mag-
nitudes of the two sets of values, does not require the values to
be normally distributed and can incorporate nondetect values.
The variation of water quality with season is considered.

If only a small fraction of the current and future values of
a water-quality characteristic are nondetects, the effects of sea-
son and streamflow can be incorporated into the rank sum test.
A LOWESS curve between all values (current and future) of a
water-quality characteristic and streamflow is created. Then a
seasonal rank-sum test determines whether the residuals from
the LOWESS curve for future measurements are different
from the residuals for 2002-04 measurements.

Water Quality of Streams in and near
the Delaware Water Gap National
Recreation Area, 2002-04

Water-quality characteristics discussed in this report were
selected for two reasons. Some characteristics (such as phos-
phorus and nitrogen species) were selected because values of
these characteristics are expected to change with increasing
urbanization and because the differences in current land use
among the drainage basins may help explain the station-to-
station differences in current values. Other characteristics
(such as calcium) were selected because the station-to-station
differences in values of these characteristics are related to dif-
ferences in the geology of the basins.

Summary of Water-Quality Characteristics at
Each Station

Summary statistics for the values of water-quality charac-
teristics at each station are shown in appendix 3, and boxplots
showing the distribution of values of most water-quality
characteristics are shown in figure 4. Boxplots of dissolved
ammonia and dissolved orthophosphate phosphorus are not
shown because the greatest reporting levels of nondetect val-
ues for these two characteristics were greater than most of the
detected concentrations; as a result, little information would be
displayed. Boxplots of the concentrations of total nitrogen and
dissolved nitrate plus nitrite are censored because, at Van-
campens Brook (station 01440100), 28 percent of the concen-
trations of total nitrogen and 59 percent of the concentrations
of dissolved nitrate plus nitrite are nondetects.

Only those concentrations of dissolved oxygen (as
percent of saturation) measured during the months of July,
August, and September were used in the analyses because
station-to-station differences in concentrations, as well as
variations with streamflow, were expected to be more appar-
ent if only these values were considered. The higher tempera-
tures during July through September, relative to temperatures
in the other months, tend to increase the rate and effects of
the chemical and biological processes that either increase or
decrease the amount of oxygen dissolved in the water. In addi-
tion, the effects of the processes that add or remove oxygen
from the water are more pronounced or evident during the
relatively low streamflow during July through September than
during periods of higher streamflow.

Results of Analyses of Blanks and Replicates

For most major ions and plant nutrients, the results from
analyses of blanks indicate that effects of contamination from
sample-collection and sample processing equipment on con-
centrations appear negligible (table 5). Dissolved orthophos-
phate phosphorus, total nitrogen, organic nitrogen plus ammo-
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Figure 4. Distribution of values of (4)pH, acid-neutralizing capacity, specific conductance, dissolved calcium, (B) attenuation turbidity,
total phosphorus, dissolved oxygen, total nitrogen, dissolved nitrate plus nitrite, and dissolved chloride at each water-quality monitoring
station on streams in and near the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.
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Figure 4. Distribution of values of (4)pH, acid-neutralizing capacity, specific conductance, dissolved calcium, (B) attenuation turbidity,
total phosphorus, dissolved oxygen, total nitrogen, dissolved nitrate plus nitrite, and dissolved chloride at each water-quality monitoring
station on streams in and near the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04—Continued
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nia, dissolved nitrate plus nitrite, and dissolved chloride were
not detected in any blank.

For total phosphorus and dissolved ammonia, the effects
of contamination appear to exist but are small. Total phospho-
rus was detected in 2 of 14 blanks, and dissolved ammonia
was detected in 1 of 14 blanks (table 5); detected concentra-
tions of each were near the respective reporting levels.

Dissolved calcium was detected in three of seven blanks
(table 5). The effect of this apparent contamination is negli-
gible, however. The greatest detected concentration was 0.01
mg/L as Ca, two orders of magnitude lower than the smallest
concentration in any environmental sample (about 2 mg/L as
Ca).

Acid-neutralizing capacity was detected in four of seven
blanks at concentrations near the reporting level (table 5).
These detections could indicate contamination. However, they
may also indicate that the laboratory reporting level during the
study (1-2 mg/L as CaCO,) was set too low and that concen-
trations at the reporting level, either in blanks or in samples,
are not accurate. In 2005, the National Water Quality Labora-
tory raised the reporting limit of acid-neutralizing capacity to
5 mg/L as CaCO,.

The summary of analyses of replicate/sample pairs (table
5) provides information for each characteristic on the differ-
ences between concentrations in replicates and associated
samples in each replicate/sample pair. Each replicate consti-
tutes a measurement of the water quality of a stream separated
in time by a few minutes from the associated sample. Differ-
ences between concentrations in replicates and concentrations
in the associated samples can be the result of changes in the
concentrations in the stream between the time the sample was
collected and the time the replicate was collected, but may
also be the result of variations in methods of sample collec-
tion, processing, and (or) laboratory analysis.

The differences between concentrations in replicates and
concentrations in associated samples provide a measure of the
variability in concentrations in all samples collected as part
of this sampling program that are due to these three factors.
Variability in detection and variability in concentration were
considered separately.

A measure of the variation in detection of each charac-
teristic is indicated by examining the percentage of replicate/
sample pairs with incongruous results. The characteristics
with the largest percentage of replicate/sample pairs with
incongruous results tend to be those with the smallest number
of detected values (and, therefore, the smallest concentrations
relative to the reporting limits) in the samples of the replicate/
sample pairs (table 5). Dissolved ammonia is the characteristic
with the most replicate/sample pairs with incongruous results
(12 percent of pairs) and the fewest number of detections
in the samples of the replicate/sample pairs (38 percent). In
contrast, the characteristics with no incongruous results (total
phosphorus, total nitrogen, dissolved calcium, and acid-neu-
tralizing capacity) were detected in 100 percent of the samples
of the replicate/sample pairs.

A measure of the variation in concentration for each
characteristic is indicated by comparing concentrations in
samples with concentrations in associated replicates. The vari-
ability in concentration appears to be affected by whether or
not the concentration is for characteristics in dissolved form or
dissolved plus particulate form. The greatest median differ-
ences (in terms of percentages of sample concentration) were
for total phosphorus (8 percent), total nitrogen (7 percent), and
total organic nitrogen plus ammonia (20 percent). All these
plant nutrients are in dissolved plus particulate form. For plant
nutrients in the dissolved form only, the median differences
were less than 1 percent.

Two reasons are proposed to account for the greater vari-
ability in concentration, when characteristics are composed,
at least partly, of particulate substances compared with those
composed only of dissolved substances. First, the variation in
concentration in the stream over short periods of time may be
greater for particulate substances than for dissolved sub-
stances. Second, the method of creating subsamples from each
composited sample (shaking and pouring from the composit-
ing bottle) could have created subsamples with non-represen-
tative concentrations of particulate substances because the
particles were not distributed evenly.

Variation of Water Quality with Basin
Characteristics

It is apparent from the boxplots in figure 4 that values of
a selected water-quality characteristic varied from stream to
stream. For example, the median concentration of total phos-
phorus at the station on Sand Hill Creek (0.033 milligrams per
liter as P) was four times the corresponding median concentra-
tion at the station on Vancampens Brook (0.008 milligrams
per liter as P). This variation can be attributed to differences in
land-use and geology of the drainage basins, as well as to the
presence of wastewater discharges to the basins.

Results of correlations between median values of water-
quality characteristics at the stations and the amounts of high-
intensity and low-intensity urban land, agricultural land, and
wetlands are given in table 6. Relations for most water-quality
characteristics were determined from medians from all 14 sta-
tions; relations for dissolved orthophosphate phosphorus and
dissolved ammonia were determined from medians at 12 and 9
stations, respectively.

In all relations identified, median concentrations
increased with increasing amounts of a specified land use
(table 6). In no relations did median concentrations decrease
with increasing amounts of any of the specified land uses.

For the two phosphorus and three nitrogen species,
results of correlations between median concentrations of these
plant nutrients and land use at all stations indicate that agri-
cultural land appears to have a greater effect on water quality
than either high-intensity or low-intensity urban land when all
14 stations are considered (table 6). Median concentrations of
total nitrogen and dissolved nitrate plus nitrite increased with
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Table 6.

Results of correlation tests between median values of water-quality characteristics at each water-quality monitoring

station and the land use in the drainage basin, for streams in and near the Delaware Water Gap National Recreation Area, Pa. and

N.J., 2002-04.

[+, median increased with increasing land use at a 0.05 level of significance; --, no significant correlation; <, less than]

Water-quality characteristic

Results of Kendall tau tests to determine whether median value of the water-quality characteristic
increased or decreased with increasing land use in drainage basin (level of significance)

High-intensity Low-intensity Agricultural land Wetlands
urban land urban land
Physical characteristics
Dissolved oxygen concentration _ - - -
(July-September)
. e +
Specific conductance -- - (0.003) N
. . . +
Attenuation turbidity - - - (<0.0001)
Plant nutrients
+
Total phosphorus - - - (0.028)
Dissolved orthophosphate phosphorus! -- -- - -
_ +
Total nitrogen - - (0.01) -
. . . +
Dissolved nitrate plus nitrite - - (0.027) -
Dissolved ammonia® - - - B
Major ions
Acid-neutralizing capacity -- -- - o
Dissolved calcium - - - -
. . + +
Dissolved chloride (0.025) - (0.0008) N

'Only the uncensored medians at 12 stations were included in the analysis.

’Only the uncensored medians at 9 stations were included in the analysis.

an increase in the area of agricultural land in the associated
basin, but not with increases in the areas of either high-
intensity or low-intensity urban land. Similar results for total
nitrogen and dissolved nitrate plus nitrite can be attributed to
the fact that total nitrogen is composed partly of nitrate plus
nitrite; median concentrations of total nitrogen as a function
of agricultural land use are shown in figure 5. No relations
between either phosphorus species and agricultural land or
high-intensity or low-intensity urban land were identified.
An examination of figure 5 indicates that the presence
of a permitted wastewater facility in a basin appears to be a
factor affecting median concentrations of total phosphorus and
total nitrogen in the streams. For a specified amount of agri-

cultural land in a basin, concentrations at stations with permit-
ted wastewater facilities in the basin appear to be greater than
concentrations at stations without such facilities in the basin.
To provide clearer relations between water quality and
land use without effects of permitted wastewater discharge,
selected correlations indicated in table 6 were repeated without
the 5 stations in basins with permitted wastewater facilities
(table 2). The results of these correlations are described below.
When only the nine stations with no permitted wastewa-
ter facilities are considered, median concentrations of both
total phosphorus and total nitrogen increased with an increase
in the area of agricultural land use in the associated basin
(fig. 5); each relation has a 0.01 level of significance. These
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Figure 5. Median concentrations of (A)total phosphorus and (B)
total nitrogen at water-quality monitoring stations as a function of
agricultural land use and the presence of permitted wastewater
facilities in associated drainage basins, for streams in and near
the Delaware Water Gap National Recreation Area, Pa. and N.J.,
2002-04.

patterns indicate that agricultural land use could be an impor-
tant factor affecting the concentrations of both plant nutrients
where no permitted wastewater discharges are present. The
importance of agricultural land as a factor in streamwater
quality has been discussed previously.

When all stations are considered, the area of wetlands in
a basin does not appear to be a major factor related to median
concentrations of phosphorus and nitrogen species. Of the
two phosphorus and three nitrogen species, relations between
median concentration and the area of wetlands in a basin were
only identified for total phosphorus (table 6); median concen-
trations of total phosphorus increased with increasing area of
wetlands (level of significance is 0.028).

When only the seven stations in basins with (a) no
permitted wastewater facility and (b) agricultural land use
accounting for less than 5 percent of the basin were consid-

ered, median concentrations of both total phosphorus and total
nitrogen increased with the increasing area of wetlands in the
basin (fig. 6). The level of significance for the relation for total
phosphorus is 0.003, and the relation for total nitrogen is 0.03.
The two stations with more than 5 percent agricultural land
within the basin, but with no permitted wastewater discharge
(Shimers Brook and Little Flat Brook), were not included in
the analysis to minimize the effects of agriculture on the rela-
tion between water quality and wetland area.

Little information is available in the literature about
yields of phosphorus and nitrogen from wetlands. Wetlands
are commonly considered as sinks for phosphorus and nitro-
gen that enter in streamflow (Mitsch and Gosselink, 1986,
table 5-8). Nevertheless, Dillon and Molot (1997) report that
the concentrations of phosphorus in streamflow leaving mostly
forested basins in Ontario, Canada, increased with an increas-
ing fraction of the basin composed of wetlands; they attributed
this result to the complexation (facilitated by iron) of phos-
phorus with dissolved organic carbon. Whether the processes
described for the forested basins in Ontario occur in the basins
of streams tributary to the DWGNRA is unknown. No similar
report comparing nitrogen yields from wetlands and forested
basins could be found.

The small percentages of agricultural and wetland area in
the drainage basin of Vancampens Brook (station 01440100)
could be one reason why the median concentrations of total
phosphorus, total nitrogen, and dissolved nitrate plus nitrite for
this station were the smallest of those for all stations (fig. 4).
The basin draining to this station has the second smallest area
of agricultural land and wetlands of any basin considered.

From figure 6, the presence of a permitted wastewater
facility that discharges into the drainage basin appears to
affect the concentrations of total phosphorus and total nitro-
gen in streamflow leaving some, but not all, basins receiving
such discharges. Median concentrations of total phosphorus
at three of the five stations with permitted discharges — Van-
dermark Creek (station 01438301), Sand Hill Creek (station
01439570), and Bush Kill (station 01439500)— were notice-
ably greater than the median concentrations at stations with no
permitted discharges and with less than 5 percent agricultural
land in the basin. Also, from examination of the graph in
figure 6, median concentrations of total nitrogen at three of the
five stations with permitted discharges— Vandermark Creek
(station 01438301), Sand Hill Creek (station 01439570), and
Sawkill Creek (station 0143839602) — were noticeably greater
than median concentrations at stations with no permitted
discharges and with less than 5 percent agricultural land in the
basin.

The high median concentrations of nutrients at stations
with permitted wastewater discharge (figs. 5 and 6) could be
due to the effects of wastewater discharged directly to the
streams. Some of wastewater facilities are septic systems,
however, and the high concentrations could be the result of
ground water leaving the septic systems and discharging to
streams. Lastly, the high concentrations also could reflect the
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Figure 6. Median concentrations of (A)total phosphorus and (B)
total nitrogen at water-quality stations as a function of wetland
area and the presence of permitted wastewater facilities in
associated drainage basins, for streams in and near the Delaware
Water Gap National Recreation Area, Pa. and N.J., 2002-04.

presence of urban land or other land use sometimes associated
with large wastewater facilities.

The median concentrations for Vandermark Creek (sta-
tion 01438301) and Sawkill Creek (station 0143839602) may
also be affected by the on-lot septic systems in Milford, Pa.
Milford, a borough of about 1,000 residents, is almost entirely
served by on-lot septic systems (Lenny Schall, Pennsylva-
nia Department of Environmental Protection, oral commun.,
2007). The basins of both streams include parts of this bor-
ough.

The median attenuation turbidity in all 14 streams
appears to be strongly related to the wetland area in the associ-
ated basin. Median values of attenuation turbidity increased
with an increase in the area of wetlands in the associated
basin (table 6; fig. 7); the level of significance of this relation
is <0.0001. Given that most of the measurements of attenua-

tion turbidity were conducted under base-flow conditions, the
values of attenuation turbidity are more likely to represent the
true color of the streamflow due to dissolved materials and
less likely to represent the particulate material in the water.
Therefore, this relation appears to be between the color of the
streams and the amount of wetland in the basins.

The correlation between attenuation turbidity and amount
of wetlands in the drainage basin likely is due to the greater
amount of dissolved organic material in streamflow leaving
wetlands than is present in streamflow leaving other types of
land use; the color of water in wetlands typically is directly
related to the amount of dissolved organic material in the
water. Hem (1985) notes that “color in natural water usually
results from leaching of organic debris” and that “intensely
colored waters occur in many environments where vegetation
is plentiful, as in swamps and bogs.” Concentrations of dis-
solved organic carbon (a measure of dissolved organic mate-
rial) are greatest in surface water in wetland areas compared to
that in other types of natural waters (Thurman, 1985).

Relations between color and (or) concentration of dis-
solved organic carbon in streams and lakes and the percent-
age of drainage basin composed of wetlands are reported
by others. Gergel and others (1999) report concentrations of
dissolved organic carbon in lakes and rivers in Wisconsin
increased with an increase in the wetlands in the associ-
ated drainage basins. Dillon and Molot (1997) report that
the concentrations of dissolved organic carbon and the color
of streams increased with increasing wetland area in mostly
forested basins in Ontario, Canada.

Median values of dissolved chloride concentrations and
specific conductance increased with increasing area of agri-
cultural land in the associated basins (table 6). The reasons for
these two relations are unknown, but the correlations may be
attributed to fertilizer use. The smallest median concentrations
of dissolved chloride measured in Vancampens Brook (station
01440100) (fig. 4) likely are due, in part, to the small amount
of agricultural land in the basin; this stream drains the basin
with the second smallest amount of agricultural land.
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Figure 7. Median values of attenuation turbidity at water-
quality monitoring stations as a function of wetland area in the
associated drainage basins, for streams in and near the Delaware
Water Gap National Recreation Area, Pa. and N.J., 2002-04.
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When all stations are considered, median concentrations
of dissolved chloride increased with increasing area of urban
land use (table 6), a pattern likely affected by the presence
of discharge from wastewater facilities. When only the nine
stations in basins without permitted wastewater facilities are
considered, however, there is no relation between urban land
and median concentrations of dissolved chloride.

Median values of pH, specific conductance, dissolved
calcium, and acid-neutralizing capacity in Little Flat Brook
(station 01439920), Sand Hill Creek (station 01439570), and
Shimers Brook (station 01438400) are the greatest of those
from the 14 streams sampled (fig. 4). A comparison of a map
of the drainage basins to a geologic map indicates that the
basins associated with these three streams are underlain by
carbonate rocks. The presence of carbonate rocks in the basins
of Little Flat Brook and Shimers Brook in New Jersey was
confirmed by an examination of the bedrock geologic map
of northern New Jersey (Drake and others, 1996), but corre-
sponding maps of the Sand Hill Creek basin were not readily
available. The bedrock geologic map of northern New Jersey
(Drake and others, 1996) does indicate that carbonate rocks
likely underlie the Sand Hill Creek basin in Pennsylvania,
however. Carbonate rocks are, generally, more soluble than
most other types of rock; the presence of carbonate rock in a
basin tends to raise the values of these water-quality charac-
teristics in the stream draining the basin to levels that prob-
ably would not occur if the carbonate rocks were not present
in the basin. ANC, a measure of the ability of streamwater to
react with and neutralize acid, is a function of the amount of
bicarbonate and carbonate in solution (Hem, 1985). Calcium is
a major component of carbonate rocks.

Linear Equations Relating Water Quality,
Streamflow, and Season

Linear equations relating values of water-quality charac-
teristics, streamflow, and season (appendix 4) were developed
as part of (1) the analyses relating water quality to streamflow
and, separately, to season, and (2) detection of changes in
water quality over time. An equation was developed if there
were a sufficient number of detected values of a water-quality
characteristic, if most of the residuals were normally distrib-
uted, and if the predicted values of water-quality character-
istics equation appeared to match the measured values. The
intercept and level of significance of the intercept, coefficients
and levels of significance of the coefficients, and the value of
scale in each equation are shown in appendix 4.

Variation of Water Quality with Streamflow and
Season

Variations in values of a water-quality characteristic
with streamflow and (or) season were examined because, in
part, they describe how water quality varies over time. An

understanding of how current water quality varies over time is
needed in order to determine whether the water quality mea-
sured in the future is different from current water quality.

Variations of values of a water-quality characteristic
with streamflow and (or) season also provide information on
other factors that affect water quality. For instance, a decrease
in concentrations of a characteristic with increasing stream-
flow could indicate that ground-water and (or) point-source
discharges are important sources of that characteristic. In
contrast, an increase in concentrations of a characteristic with
increasing streamflow could indicate that material washed off
the land surface during storms is an important source.

Most water-quality characteristics varied with increasing
streamflow at most stations (table 7). Nine of the water-quality
characteristics increased or decreased with increasing stream-
flow at nine or more stations.

Concentrations of dissolved orthophosphate phospho-
rus, dissolved nitrate plus nitrite, and dissolved ammonia
decreased with increasing streamflow at more stations than
concentrations increased with increasing streamflow. For
example, concentrations of dissolved nitrate plus nitrite
decreased with increasing streamflow at 9 stations and
increased with increasing streamflow at O stations. These rela-
tions indicate that point-source discharges and (or) ground-
water discharge (including septic-system discharge) are prob-
able sources of these nutrients. An example graph showing
decreasing concentrations of dissolved nitrate plus nitrite as
a function of increasing streamflow is illustrated in figure 8.
The relation between the concentrations and season shown in
figure 8 is discussed below.

Concentrations of total phosphorus and total nitrogen
were more likely to increase with increasing streamflow than
to decrease (table 7). Concentrations of total phosphorus
increased at five stations and decreased at one; concentrations
of total nitrogen increased at seven stations and decreased at
three. These increases could indicate that some of the phos-
phorus and nitrogen is associated with particulate material,
which commonly increases in concentration with increases in
streamflow. An example of concentrations of total phosphorus
increasing with increasing streamflow is shown in figure 9;
an example of concentrations of total nitrogen increasing with
increasing streamflow is shown in figure 10.

The three stations at which concentrations of either total
phosphorus or total nitrogen decreased with increasing stream-
flow —Bush Kill (station 01439500), Sawkill Creek (station
0143839602), and Vandermark Creek (station 01438301)—are
all in basins with permitted wastewater facilities. The presence
of permitted wastewater facilities may explain the decreasing
concentrations with increasing streamflow if the permitted
facilities discharged large amounts of phosphorus or nitrogen
relative to other sources.

Values of attenuation turbidity increased with increasing
streamflow at all stations (table 7); one example is given in
figure 11. Increasing turbidity with streamflow is common and
likely the result of particulate material washing off land sur-
face during storms and the suspension of streambed material;



Water Quality of Streams, Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04

24

YOI YIeWLIOpUBA

woIj pajdo[[0d d1om sojdues ayy sAep ay) uo (0001 () UOTIEIS) S[[IANO0IQIB]] Jeau YOOI Je[.] 18 PIINSEIW MO[JWeans ueaw A[1ep st ([0ESEH [0 UONEIS) YooI1D) YIRULIOPURA J0J SUOT)B[I J0J MO[JWEaNS,

Il 4! €l 14 6 € 14 [ 0 0ol el ! SasBaIdRq
0 0 0 I 0 L 1 S i4! 1 0 8 SOSBAIOU]
S8SBaJ0ap J0 S8SR8IIUI YIIM SUOIE]S JO JaquInN
a a a pu a a -- pu | -- a I 10€8¢v10 1D N TewISpueA
a a a pu a -- pu - | a a I 0010¥¥10 1g suadweouep
- a a pu a - a - | - a - 00¥6£110 21D swWoy,
a a a I - 1 - | I a a - 00¥8¢¥10 ool swys
a a a pu a a - I I a a - 2096£8¢110 qoaI) [Imes
a a - - - - - - I I a 1 0LS6EV10 oI [ITH pues
-- a a a - 1 pu - | a a 1 00L8EYTO 1D [[spuowey
a a a a - 1 I pu | pu a I 0C66£t10 1g e[ oMy
a a a - a 1 a | | a a - 0896¢110 113 ysng oM
a a a a - 1 pu - I a a 1 C606EY10 A1) SHO°qUIOH
a a a - a 1 a I I a a 1 T688EYTO  YoorD suewSuI(q
a a a a a a a a I a pu a 00S6£10 [ ysng
a a a pu a 1 pu I | a a - 0€86€¥10 yooxd el S1g
- a a - a - pu pu I a a 1 PSLIEVTO ool swepy
s An Jaqunu

apuojys  wniges elwow  ayusnyd r— -oydsoyd  smoyd  -pium uabixo uone)g auiet Hous
panjos  panjos INY -we pan ajenu : ajeydsoyd  -soyd uon Hd 78 panjos

-si1g -si1g -jossig  paajossiq 1801 -oyuo Jelop -enu -sig

panjossig -any uone)s Ayjenb-1ajepy

ansuajoeseyd Apjenb-1ayepy

[£y1oedes Surzijennau-proe NV 20uronpuod d1j10ads ‘S Q0urdyIuSIs JO [SAJ] GO°() B I8 UOISSAITAI JIGOT, YA PILJIIUIPI QI9M SISBAIOIP
PUE SISBAIOU] POUTULI)AP JOU “'P U ‘MO[JWEBINS JUISEAIOUT [JIM 9SBAIIP IO ASBIIOUT JOU PIP SANJBA ‘-~ {MO[JWEANS SUISBAIOUT [)IM SISBAIOAP dN[BA ‘(] ‘MO[JUIEaI)s SUISLAIOUT (IIM SISBAIOUT anfea ‘I|

"$0-200Z "N Pue "ed ‘ealy uoiealday |euoney deg ialep) aiemelaq
8} JeaU pue Ul SWeals uo suonels e ‘Mmojjwealis Buisealoul yum sansiisloeleys Aljenb-1alem palos|as j0 SaN|eA Ul S9SBaI09p pue $asealoul Jo Uoieaynuap|  °f ajqelr



Water Quality of Streams in and near the Delaware Water Gap National Recreation Area, 2002-04 25

1.00 ———— ———— ———

0.60
0.50

0.40 ,
0.30 | ,

=

0.20

0.10
0.08

0.06
0.05

0.04 |
0.03 |

DISSOLVED NITRATE PLUS NITRITE, IN
MILLIGRAMS PER LITER AS N

0.02 -

0.01 L L Lo | L L R R L @
0.1 02 0304 06 10 20 3040 60 100 20.0 30.0 50.0 100.0

STREAMFLOW, IN CUBIC FEET PER SECOND

T T T T T T T T T

1.00

0.60

0.40
0.30

0.20

T T
=
~

IR

0.10

0.06

0.04
0.03

0.02

MILLIGRAMS PER LITER AS N

DISSOLVED NITRATE PLUS NITRITE, IN

0.01 *
March 1 May 1 July 1 Sep 1 Nov 1 Jan'1

DAY OF THE YEAR

EXPLANATION

= LOWESS smoothed curve through
predicted values
@ Uncensored value
(O Estimated value
\/ Nondetectvalue
® Value predicted with equation

Figure 8. Concentration of dissolved nitrate plus nitrite as a function of (4) streamflow and (B) day of the year at the water-quality
monitoring station (01438754) on Adams Creek below Long Meadow Brook near Edgemere, Pa., near the border of the Delaware Water
Gap National Recreation Area, Pa. and N.J., 2002-04.
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Figure 9. Total phosphorus as a function of (4) streamflow and (B) day of the year at the water-quality monitoring station (01438892) on
Dingmans Creek above Dingmans Falls near Dingmans Ferry, Pa., near the border of the Delaware Water Gap National Recreation Area,
Pa. and N.J., 2002-04.
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Figure 10. Total nitrogen concentration as a function of (4) streamflow and (B) day of the year at the water-quality monitoring station
(01439830) on Big Flat Brook at Tuttles Corner, Pa., near the border of the Delaware Water Gap National Recreation Area, Pa. and N.J.,
2002-04.



28 Water Quality of Streams, Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04

however, as previously discussed, the values of attenuation
turbidity include the effects of true color as well as particles.

Values of acid-neutralizing capacity, dissolved calcium,
dissolved chloride, and specific conductance at almost all
stations decreased with increasing streamflow (table 7); one
example is given in figure 12. These water-quality character-
istics are measurements of major ions, and concentrations of
major ions often decrease with increasing streamflow because
the concentrations in precipitation are much lower than con-
centrations in ground water.

Values of pH decreased with increasing streamflow at
10 stations (table 7); the relation between pH and streamflow
at the station (01439680) on Little Bush Kill at Bushkill, Pa.,
is shown in figure 13. This pattern is likely the result of the
low pH of the precipitation in this area; during 2002-04, the
weighted mean annual field pH of precipitation in this area
ranged from 4 to 5 (National Atmospheric Deposition Pro-
gram, 2006). As streamflow increases, the streamflow is more
likely to have come from surface runoff (which has had little
time to react chemically with soil and rock) than from ground-
water discharge (which has had more time to react chemically
with soil and rock). As a result, the pH during periods of high
streamflow is more likely to be closer to the pH of precipita-
tion than is the pH of streamflow during periods of low flow
when the streamflow is made up entirely of ground-water and
point-source discharges. In contrast, values of pH at the station
(01439570) at Sand Hill Creek at Bushkill, Pa., increased with
increasing streamflow; the reasons for this are unclear.

During July-September, dissolved oxygen concentrations
increased with increasing streamflow at eight water-quality
stations (table 7); as an example, the relation between dis-
solved oxygen concentration and streamflow at the station
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Figure 11. Attenuation turbidity as a function of streamflow
at the water-quality monitoring station (01438700) on the
Raymondskill Creek near Milford, Pa., near the border of the
Delaware Water Gap National Recreation Area, Pa. and N.J.,
2002-04.
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Figure 12. Dissolved chloride as a function of (4) streamflow
and (B) day of the year at the water-quality monitoring station
(01439570) on the Sand Hill Creek at Bushkill, Pa., near the border
of the Delaware Water Gap National Recreation Area, Pa. and
N.J., 2002-04.

(01438700) on Raymondskill Creek near Milford, Pa., is
shown in figure 14. In streams, there are processes adding
oxygen (such as aeration and photosynthesis) and processes
which are removing oxygen (such as benthic oxygen demand).
These relations indicate that, at higher flows, the rate at which
processes remove oxygen from the stream appears to be less
than the rate at which processes add oxygen; whereas, at lower
flows, the rate at which processes remove oxygen appears to
exceed the rate at which processes add oxygen. Low dissolved
oxygen concentrations in streamflow leaving wetlands may
also be affecting the concentrations in streams during periods
of low flow. In contrast, dissolved oxygen concentrations at
the station (01439500) on Bush Kill near Shoemakers, Pa.,
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Figure 13. Values of pH as a function of streamflow at the water-
quality monitoring station (01439680) on the Little Bush Kill at
Bushkill, Pa., near the border of the Delaware Water Gap National
Recreation Area, Pa. and N.J.,2002-04.

decreased with increasing streamflow, possibly as a result of
supersaturation from photosynthesis at low streamflow.

Results of tests to determine whether values of a water-
quality characteristic at a station varied with season are shown
in table 8. For this analysis, season is represented by the Julian
day of the year.

Due to the method of identification of seasonality, the
variation of a water-quality characteristic with season is the
result of the seasonal variation in conditions or processes other
than streamflow. These other conditions or processes include
(1) the loads of that water-quality characteristic, that are dis-
charged to the stream, and (or) (2) instream biological, chemi-
cal, and (or) physical processes that affect water quality. The
results of this analysis only identified whether or not values of
water-quality characteristics varied with season; the analysis
did not determine the seasons during which the values were
greatest or smallest. For a given water-quality characteristic,
seasonal relations at different stations may indicate different
seasonal patterns at different stations. The relation between a
water-quality characteristic and season does not necessarily
represent conditions during January-March because no water-
quality characteristics were measured during these months.

For 10 of the 11 water-quality characteristics analyzed,
values varied seasonally at 7 or more stations (table 8). Values
of dissolved oxygen were not tested for seasonality because
only the measurements made during July-September were
considered in this analysis.

Concentrations of nitrogen and phosphorus species varied
with season at almost all stations for which calculations were
made (table 8). Concentrations during the summer (July-
September) often exceeded concentrations during the spring
(April-June) and fall (October-December). Examples of this
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Figure 14. Dissolved oxygen concentration as a function of
streamflow at the water-quality monitoring station (01438700) on
the Raymondskill Creek near Milford, Pa., near the border of the
Delaware Water Gap National Recreation Area, Pa. and N.J., July-
September, 2002-04.

seasonal variation are shown in figures 8 to 10. As one exam-
ple, concentrations of total nitrogen in Big Flat Brook (station
01439830) are between 0.1 and 0.2 milligrams per liter as

N in the spring and fall, but increase to between 0.2 and 0.3
milligrams per liter as N during the summer. This pattern may
indicate that sources of phosphorus and nitrogen were greater
during summer than during spring or fall. This pattern would
be consistent with the greater discharges from wastewater-
treatment plants and septic systems in the study area during
the summer that results from increased summer population.
Another possibility is that this pattern is due to increased wash
off of fertilizers from agricultural lands, although the greatest
loads from fertilizer washing off agricultural land might occur
during rainstorms immediately following a major application
in the spring.

The concentration of dissolved chloride varied season-
ally at nine stations (table 8). At some stations, the seasonal
variation in concentrations of dissolved chloride followed the
pattern as shown by nitrogen and phosphorus concentrations;
concentrations during July-September were greater than those
during other months. For example, the greatest concentrations
of dissolved chloride at the Sand Hill Creek at Bushkill, Pa.,
station (01439570) were measured during July-September (fig.
12). This pattern may indicate that discharge from wastewater-
treatment facilities (including septic systems) are important
sources of chloride in some basins.
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Detection of Future Changes in Water Quality

In order for either method described in this report to
accurately detect future changes in water quality, the tech-
niques of field measurement, sample collection, and analysis
in the future have to be the same as those used to measure
water quality during 2002-04 (previously discussed). Oth-
erwise, differences between current and future water qual-
ity identified by these or other methods could simply be an
artifact of the differences in techniques.

Also, streamflow measurements at the times of the future
sample collection will have to be available for at each station
in order for the variation of water quality with streamflow
to be considered in the analysis. For 13 of the stations, this
means that instantaneous streamflow will need to be mea-
sured or estimated at the times of sample collection. For days
on which samples are collected at the station (01438301) on
Vandermark Creek at 4th Street at Milford, Pa., the record of
daily streamflow for the station (01440000) Flat Brook near
Flatbrookville, N.J., will need to be available.

Either of the two methods mentioned in this report—the
seasonal rank sum test or the analysis of intercepts—can be
used to identify future changes in water quality. The seasonal
rank sum test can be used for values of any water-quality char-
acteristic at any of the stations, whether or not equations could
be developed that relate both current values and future values
of the water-quality characteristic to streamflow and season.
The analysis of intercepts can be used only if both equations
could be developed for values of a water-quality characteris-
tic at a station. Once an equation relating current values of a
specified water-quality characteristic at a station to streamflow
and season is developed, this method allows an estimate of the
minimum change in current values of the water-quality charac-
teristic at a station that can be detected.

The minimum detectable changes between current and
future water-quality values are given in table 9 for those
water-quality characteristics with equations relating current
values of the characteristic at a station to streamflow and sea-
son (Appendix 4). To calculate these values, 10 measurements
of future water quality and a 0.05 level of significance were
assumed.

The minimum detectable changes in table 9 are expressed
as the percentage of the intercept for the equations with
current values of water quality. Each intercept represents an
estimate of the current value of a specified water-quality char-
acteristic at a specified station when streamflow was 1 ft¥/s
during a season in which the variation in water quality due to
season was minimal. If the left-hand side of the equation is
the logarithm of the water quality, the intercept represents the
logarithm of the value of the water-quality characteristic under
these conditions.

The minimum detectable changes varied among water-
quality characteristics (table 9). For the water-quality char-
acteristics composed of or related to major ions (pH, specific
conductance, dissolved calcium, acid-neutralizing capacity, or
dissolved chloride) minimum detectable changes were 1 to 9
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percent of intercepts. For attenuation turbidity, total phospho-
rus, and total nitrogen, the minimum detectable changes were
3 to12 percent; and for dissolved orthophosphate phosphorus,
dissolved nitrate plus nitrite, and dissolved ammonia, 6 to 30
percent.

Examination of equation 15 indicates that the magnitudes
of minimum detectable changes (table 9) are related to the
number of current values of water-quality characteristics and
to the value of scale (goodness of fit) of the linear relations,
which are presented in Appendix 4. The minimum detectable
change decreases with an increase in the number of values of
a current water-quality characteristic and increases with an
increase in the value of scale (a measure of the error in the fit
of the equation to the measured values).

When considering the changes (between current and
future water-quality values) that are detectable using this
method, it is assumed that the relations between future water
quality and streamflow or season are similar to those between
current water quality and streamflow, and season. Given the
uncertainty of the relations in the future, the actual detectable
changes are likely to be larger than those changes calculated in
this report.

Assuming that future methods used to measure water-
quality characteristics will be similar to the methods used to
measure water-quality characteristics during 2002-04, any
detectable changes between current and future water-quality
values then can be attributed to either changes in basin charac-
teristics or, possibly, to changes in climate. Basin characteris-
tics that can change and result in changes in water quality over
time include land use, wastewater-discharge facilities, and any
human activity that alters the streamflow.

Summary and Conclusions

Water samples were collected at stations on 14 streams
within or entering the Delaware Water Gap National Recre-
ation Area, Pa., and N.J., during 2002-04 in order to define
water quality and provide a baseline from which to detect
changes in water quality over time. Measurements of physical
characteristics and analyses of samples for plant nutrients and
major ions were made from April through December of each
year, mostly under base-flow conditions. Summary statis-
tics were generated for dissolved oxygen, specific conduc-
tance, pH, attenuation turbidity, total phosphorus, dissolved
orthophosphate phosphorus, total nitrogen, dissolved nitrate
plus nitrite, dissolved ammonia, acid-neutralizing capacity,
dissolved chloride, and dissolved calcium. Boxplots were
created for all water-quality characteristics except dissolved
orthophosphate phosphorus and dissolved ammonia.

For a given water-quality characteristic, median values
commonly varied among the 14 water-quality monitoring sta-
tions. For example, the median concentration of total phos-
phorus at the station on Sand Hill Creek (0.033 milligrams per
liter as P) was four times the corresponding median concentra-
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tion at the station on Vancampens Brook (0.008 milligrams per
liter as P).

Median values of water-quality characteristics at all 14
stations were correlated with land-use characteristics of the
drainage basins to identify land uses that appear to affect
water quality. Results indicate that median concentrations of
total nitrogen and dissolved nitrate plus nitrite increased with
an increase in the area of agricultural land in the associated
basin (levels of significance are 0.01 and 0.027, respectively),
but not with increases in the area of either high-intensity or
low-intensity urban land. No relations were identified between
median concentrations of other phosphorus and nitrogen spe-
cies and the area of either agricultural, high-intensity urban, or
low-intensity urban land.

Correlations between median values of phosphorus and
nitrogen species and land use were repeated with only the
nine stations without permitted wastewater facilities in order
to reduce any influence of large wastewater discharges on the
relations. Results indicate that agricultural practices could
be an important factor affecting the concentrations of both
total nitrogen and total phosphorus in these streams. Median
concentrations of both total phosphorus and total nitrogen
increased with an increase in the area of agricultural land in
the drainage basins; the levels of significance are 0.01 for total
phosphorus and 0.01 for total nitrogen.

Results of correlations may also indicate that the areas of
wetlands in a basin could be a factor affecting the concentra-
tions of total nitrogen and total phosphorus in these streams.
When only the seven stations without permitted wastewater
facilities and with less than 5 percent of the basin composed
of agricultural land were considered, median concentrations of
total phosphorus and total nitrogen increased with an increase
in the amount of wetland area; the levels of significance are
0.003 for total phosphorus and 0.03 for total nitrogen.

The presence of a permitted wastewater facility that
discharges into the drainage basin may also affect the concen-
trations of total phosphorus and total nitrogen in streamflow
leaving some of the five basins with such facilities. When
plotted as a function of wetland area, median concentrations of
total phosphorus and (or) total nitrogen at four of the five sta-
tions with wastewater facilities in their drainage basins (Van-
dermark Creek, station 01438301; Sand Hill Creek, station,
01439570; Sawkill Creek, station 0143839602; and Bush Kill,
station 01439500) were noticeably greater than the median
concentrations at stations with no permitted facilities and with
less than 5 percent agricultural land in the basin. The high
median concentrations of nutrients at stations with permitted
wastewater discharge could be due to the effects of wastewater
discharged directly to the streams, the result of ground water
leaving septic systems and discharging to the stream, or reflect
the presence of urban land or other land use sometimes associ-
ated with large wastewater facilities.

The median attenuation turbidity in all 14 streams
appears to be strongly related to the wetland area in the associ-
ated basin. Median values of attenuation turbidity increased
with an increase in the area of wetlands in the associated
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basin; the level of significance of this relation is <0.0001.
Given that most of the measurements of attenuation turbid-
ity were conducted under base-flow conditions, the values of
attenuation turbidity are more likely to represent the true color
of the streamflow due to dissolved materials and less likely to
represent the particulate material in the water.

Median values of pH, specific conductance, dissolved
calcium, and acid-neutralizing capacity (ANC) in Little
Flat Brook (station 01439920), Sand Hill Creek (station
01439570), and Shimers Brook (station 01438400) are the
greatest of those in the 14 streams sampled. A comparison of a
map of the drainage basins to a geologic map indicates that the
basins associated with these three streams are underlain or are
likely underlain by carbonate rocks. The presence of carbonate
rocks in the three basins would account for the greater values
of pH, specific conductance, ANC, and dissolved calcium in
these three streams than in the other streams

Linear equations between values of each water-quality
characteristic, streamflow, and season at each station were
developed from Tobit regression. Whether values of water
quality changed with increasing streamflow and (or) with
changes in season were determined partly from an examina-
tion of these equations.

Concentrations of dissolved orthophosphate phosphorus,
dissolved nitrate plus nitrite, dissolved ammonia, and major
ions decreased with increasing streamflow at more water-
quality stations than concentrations increased with increasing
streamflow. For example, concentrations of dissolved nitrate
plus nitrite decreased with increasing streamflow at nine sta-
tions and increased with increasing streamflow at no stations.
These relations likely indicate that point-source discharges and
(or) ground-water discharge (including septic-system dis-
charge) are important sources of these constituents.

Concentrations of total phosphorus, total nitrogen, and
attenuation turbidity increased with increasing streamflow
at more stations than concentrations decreased with increas-
ing streamflow. Concentrations of total phosphorus increased
with increasing streamflow at five stations and decreased with
increasing streamflow at one station; the corresponding values
for total nitrogen increased at seven stations and decreased at
three. This pattern occurred because values of these nutrients
are affected by particulate material in the streams, and particu-
late material often increases with increasing streamflow.

Most water-quality characteristics varied with season at
most stations due to reasons other than the seasonal variation
in streamflow. For 10 of the 11 water-quality characteristics
analyzed, changes with season were identified for 7 or more
stations. Due to the method of identification of seasonality, the
variation of a water-quality characteristic with season is the
result of the seasonal variation in conditions or processes other
than streamflow.

Concentrations of nitrogen and phosphorus species
varied with season for most water-quality monitoring stations;
concentrations of nitrogen and phosphorus species varied with
season at 10 and 13 stations, respectively. Concentrations
during the summer (July-September) often exceeded con-
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centrations during the spring (April-June) and fall (October-
December). As one example, concentrations of total nitrogen
in Big Flat Brook (station 01439830) are between 0.1 and 0.2
milligrams per liter as N in the spring and fall but increase to
between 0.2 and 0.3 milligrams per liter as N during the sum-
mer. This pattern may indicate that sources during the summer
were greater than sources during spring or fall, which would
be consistent with the greater discharges from wastewater-
treatment plants and septic systems during the summer that
result from increased summer population.

A method to detect changes in future water quality was
described. The method is based on the linear equations devel-
oped between values of water-quality characteristics, stream-
flow, and season. For each water-quality characteristic at each
station, the equation with current water-quality values is com-
pared to the equation which will be determined with future
water quality. Changes in future water quality are identified by
testing for differences in the intercepts of the two equations.
The intercept represents an estimate of the current value of a
water-quality characteristic measured at a station (1) with a
streamflow of 1 cubic foot per second and (2) during a season
in which the seasonal variation of water quality is minimal.

The method to detect changes in future water quality
was selected, in part, because it allows for an estimate of the
minimum change in current water quality that can be detected.
Assuming 10 measurements will be made in the future, the
minimum detectable changes in total phosphorus or total nitro-
gen at any of the stations are 4 to 12 percent of the intercepts
in equations for current water quality.

These methods can be used to generate an overall assess-
ment of the current and potential effects of land development
on water quality in streams entering the park. On the basis of
data collected during the study, managers can develop numeric
regulatory standards for the water quality of streams and a
cost effective strategy for future monitoring. Use of standard
protocols will allow for comparison of the results from this
study with results from studies in other regions of the country.
Information on efficient monitoring designs and the effects
of residential development are relevant to most of the parks
which have rivers or streams flowing into them from outside
park boundaries.
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Appendix1. Methods used to determine flow at stations on streams in and
near the Delaware Water Gap National Recreation Area, Pa. and N.J., at times of
water-quality-sample collection, 2002-04

Values of streamflow were measured or estimated at the
times of sampling at 13 of the 14 stream stations (table 1-1).
Streamflow was not determined for samples collected at the
water-quality monitoring station (01438301) on Vandermark
Creek at 4th Street at Milford, Pa., because, on an initial
survey, field personnel could not find a good spot to measure
streamflow.

Three methods were used to measure most values of
streamflow at the 13 stations (table 1-1). All methods are
based on discharge measurements made at the stations using
the methods described in Rantz and others (1982). At four sta-
tions, most values of streamflow were set equal to the stream-
flow measured by USGS personnel on the days the samples
were collected. At the station on the Bush Kill at Shoemakers,
Pa. (No. 01439500), stage (the elevation of the streamwater
level above a datum) is continuously measured by the USGS,
and continuous values of streamflow were calculated from the
rating curve (the relation between stage and streamflow) for
this station. Values of streamflow at the time of sample collec-
tion were taken from the record of streamflow.

At the remaining nine stations, values of streamflow for
most samples were based on measurements of stage at the time
of sample collection and from a rating curve for the individual
station developed with streamflow measurements made during
2002-04. Rating curves for these stations were retrieved from
the records of the USGS; an example of one rating curve is
shown in figure 1-1.

For some samples, streamflow could not be determined
by use of the methods described above. For these samples,
streamflow was estimated using a MOVEI] relation (Hirsch,
1982) and the record of daily streamflow at 01440000 Flat
Brook near Flatbrookville, NJ (fig. 1); an example of one
relation is given in figure 1-2. For each station, the MOVEI
curve describes the relation between the measurements of
streamflow at the station and the daily streamflow at Flat
Brook (01440000) on the days of sample collection. Values
of streamflow determined in this way were considered to be
“estimated” values and given an “E” remark code.



Table 1-1.

the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Br, Brook; Cr, Creek; --, streamflow not determined]

Appendix 1

Method used to determine streamflow at the time of collection of most water samples at stations on streams in and near
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Method used to determine streamflow for

Short name Station number Station name .
most samples at station
Adams Creek 01438754 Adams Creek below Long Meadow Brook Ratmg curve and measurement of stage at
near Edgemere, PA time of sample
Big Flat Brook 01439830 Big Flat Brook at Tuttles Corner, NJ Measurement on day of sample collection
Bush Kill 01439500 Bush Kill at Shoemakers, PA Rating curve and continuous record of stage
Dingmans Creck 01438892 Dmgm'ams Creek above Dingmans Falls Ratmg curve and measurement of stage at
near Dingmans Ferry, PA time of sample
Hornbecks Creek 01439092 Hprnbecks Creek at Emery Road near Ratmg curve and measurement of stage at
Dingmans Ferry, PA time of sample
Little Bush Kill 01439680 Little Bush Kill at Bushkill, PA Ratmg curve and measurement of stage at
time of sample
Little Flat Br 01439920 Little Flat Brook at Peters Valley, NJ Measurement on day of sample collection
Raymondskill Cr 01438700 Raymondskill Creek near Milford, PA Ratmg curve and measurement of stage at
time of sample
Sand Hill Creek 01439570 Sand Hill Creek at Bushkill, PA Ratmg curve and measurement of stage at
time of sample
Sawkill Creek 0143839602 Sa-wklll Creek 1000 ft above mouth at Ratmg curve and measurement of stage at
Milford, PA time of sample
Shimers Brook 01438400 Shimers Brook near Montague, NJ Measurement on day of sample collection
Toms Creek 01430400  Toms Creek at Egypt Mills, PA Rating curve and measurement of stage at
time of sample
Vancampens Br 01440100 Vancampens Brook near Millbrook , NJ Measurement on day of sample collection
Vandermark Cr 01438301 Vandermark Creek at 4th Street at _

Milford, PA
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Figure 1-1. Rating curve and streamflow measurements of the Little Bush Kill at Bushkill, Pa. (station 01439680), 2002-04.
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Appendix 2. A brief description of Tobit regression

Tobit regression (described in Judge and others, 1980) Refe rences clted
was used to develop all linear relations discussed in this

report. All the relations are of the following form:
Helsel, D.R., and Hirsch, R.M., 1992, Statistical methods in

y*= > Bj X, te (2-1) water resources: New York, Elsevier Science Publishing
Company, Inc., 522 p.

where Judge, G.G., Griffiths, W.E., Hill, R.C., and Lee, T.-C., 1980,

The theory and practice of econometrics: New York, John
Wiley and Sons, 793 p.

y, = value of experimental variable y in
observation i (nondetect values are set
equal to the reporting level),

B, = coefficient for explanatory variable j, SAS Institute, Inc., 1999b, The Lifereg Procedure: Cary, N.C.,

x, = value of explanatory variable j in SAS/STAT User’s Guide, Version 8, p. 1761-1796.
observation i, and

e = residual for observation i.

Tobit regression uses maximum likelihood estimation and
iterative solutions to maximize the likelihood function in equa-
tion 2-2. The calculations, conducted with the Lifereg proce-
dure (SAS Institute, Inc., 1999b), include estimating values for
the residuals (e,) as well as for the coefficients (B/.) in equation
2-1. Residuals are assumed to have a normal distribution and
constant variance across the range of predicted values.

L=Tlp (e ) xF(e)" (2-2)
where
L = likelihood,
ple,) = the probability density function of the
residuals,
F(e,) = the cumulative distribution function of the
residuals,
e, = residual for observation i, and
o = 0 for an observation i with a nondetect

value of y, or
= 1 for an observation i with a detected value
of y.

The goodness of fit of the relation to the measured values
is indicated by the value of “scale.” Scale is equivalent to
mean square error of least-squares regression.

The Tobit relation may be strongly affected by outliers
(Helsel and Hirsch, 1992). How well the values fit the linear
equation and whether the residuals have constant variance and
normality were evaluated as part of this report.
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Appendix 3. Summary statistics for water-quality characteristics in samples
from water-quality monitoring stations on streams in and near the Delaware
Water Gap National Recreation Area, Pa. and N.J., 2002-04.

Index
Water-quality characteristic Table
Physical characteristics
Dissolved oxygen 3-1
Specific conductance 3-2
pH 3-3
Attenuation turbidity 3-4
Plant nutrients
Total phosphorus 3-5
Dissolved orthophosphate phosphorus 3-6
Total nitrogen 3-7
Dissolved nitrate plus nitrite 3-8
Dissolved ammonia 3-9
Major ions

Acid-neutralizing capacity 3-10
Dissolved calcium 3-11

Dissolved chloride 3-12
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Table 3-1. Summary statistics for dissolved oxygen concentrations in samples from water-quality monitoring stations on streams in
and near the Delaware Water Gap National Recreation Area, Pa. and N.J., July-September, 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in percent of saturation; n.a.,

4|

not applicable]
. Number of Number of Percentage of Gre_atest
Short name Station measure-  nondetect measurements  reporting level Minimum Median Maximum
number ments values that are nonde-  of nondetect
tect values values

Adams Creek 01438754 18 0 0 n.a. 83 91 99
Big Flat Brook 01439830 18 0 0 n.a. 84 97 104
Bush Kill 01439500 17 0 0 n.a. 87 99 104
Dingmans Creek 01438892 18 0 0 n.a. 83 95 103
Hornbecks Creek 01439092 18 0 0 n.a 71 82 95
Little Bush Kill 01439680 18 0 0 n.a 85 97 100
Little Flat Br 01439920 18 0 0 n.a. 77 93 127
Raymondskill Cr 01438700 19 0 0 n.a. 78 90 102
Sand Hill Creek 01439570 14 0 0 n.a. 39 86 97
Sawkill Creek 0143839602 18 0 0 n.a. 88 98 102
Shimers Brook 01438400 18 0 0 n.a 90 97 107
Toms Creek 01439400 19 0 0 n.a 80 95 105
Vancampens Br 01440100 18 0 0 n.a. 85 93 100
Vandermark Cr 01438301 18 0 0 n.a. 34 95 101
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Table 3-2.

the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

Summary statistics for specific conductance in samples from water-quality monitoring stations on streams in and near

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in microsiemens per centimeter

at 25 degrees Celsius; n.a., not applicable]

Percentage of Greatest

. Number of Number of g reporting
Station measurements . . .

Short name measure-  nondetect level of Minimum Median Maximum
number that are nondetect
ments values nondetect
values
values

Adams Creek 01438754 43 0 0 n.a. 59 70 83
Big Flat Brook 01439830 43 0 0 n.a. 53 93 147
Bush Kill 01439500 43 0 0 n.a 30 43 68
Dingmans Creek 01438892 43 0 0 n.a. 59 77 110
Hornbecks Creek 01439092 43 0 0 n.a. 86 124 261
Little Bush Kill 01439680 44 0 0 n.a. 14 48 70
Little Flat Br 01439920 44 0 0 n.a. 213 347 485
Raymondskill Cr 01438700 44 0 0 n.a. 79 103 124
Sand Hill Creek 01439570 37 0 0 n.a 155 288 460
Sawkill Creek 0143839602 44 0 0 n.a. 57 125 197
Shimers Brook 01438400 44 0 0 n.a. 175 321 511
Toms Creek 01439400 44 0 0 n.a. 52 90 100
Vancampens Br 01440100 40 0 0 n.a. 43 66 116
Vandermark Cr 01438301 44 0 0 n.a 49 89 146
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Table 3-3. Summary statistics for pH in samples from water-quality monitoring stations on streams in and near the Delaware Water
Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in standard units; n.a., not

applicable]
. Number of Number of Percentage of Gre_atest
Short name Station measure-  nondetect measurements reporting level Minimum Median  Maximum
number ments values that are nondetect  of nondetect
values values

Adams Creek 01438754 43 0 0 n.a 59 6.6 7.2
Big Flat Brook 01439830 44 0 0 n.a 6.2 7.4 8.2
Bush Kill 01439500 44 0 0 n.a. 53 6.7 7.7
Dingmans Creek 01438892 44 0 0 n.a 6 6.7 7.6
Hornbecks Creek 01439092 44 0 0 n.a 5.2 6.4 7.3
Little Bush Kill 01439680 44 0 0 n.a 5.4 6.8 7.5
Little Flat Br 01439920 44 0 0 n.a 7.3 7.8 8.6
Raymondskill Cr 01438700 45 0 0 n.a 5.9 6.7 7.2
Sand Hill Creek 01439570 40 0 0 n.a. 6.8 7.8 8.6
Sawkill Creek 0143839602 44 0 0 n.a 5.7 7.1 7.7
Shimers Brook 01438400 43 0 0 n.a 7.5 8.2 8.6
Toms Creek 01439400 45 0 0 n.a 6.2 7.1 7.6
Vancampens Br 01440100 40 0 0 n.a 6.1 7.1 7.9
Vandermark Cr 01438301 43 0 0 n.a. 6.1 7.1 7.8
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Table 3-4. Summary statistics for attenuation turbidity in samples from water-quality monitoring stations on streams in and near the
Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in attenuation units; n.a., not
applicable]

Percentage of Greatest
. Number of Number of .
Station measurements  reporting level . . .
Short name measure-  nondetect Minimum  Median Maximum
number that are nonde- of nondetect
ments values
tect values values

Adams Creek 01438754 43 0 0 n.a 5 7 17
Big Flat Brook 01439830 42 0 0 n.a 4 8 66
Bush Kill 01439500 43 0 0 n.a 6 13 26
Dingmans Creek 01438892 43 0 0 n.a 2 11 24
Hornbecks Creek 01439092 43 0 0 n.a 6 9 21
Little Bush Kill 01439680 43 0 0 n.a 7 20 45
Little Flat Br 01439920 41 0 0 n.a 7 12 53
Raymondskill Cr 01438700 42 0 0 n.a 5 15 33
Sand Hill Creek 01439570 38 0 0 n.a 4 11 25
Sawkill Creek 0143839602 43 0 0 n.a 2 8 69
Shimers Brook 01438400 42 0 0 n.a 3 12 41
Toms Creek 01439400 43 0 0 n.a 3 5 27
Vancampens Br 01440100 38 0 0 n.a 3 6 9
Vandermark Cr 01438301 42 0 0 n.a 2 7 64
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Table 3-5. Summary statistics for total phosphorus in samples from water-quality monitoring stations on streams in and near the

Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as P; E,
estimated; n.a., not applicable]

Percentage of  Greatest re-
. Number of Number of .
Station measurements  porting level . . .
Short name measure- nondetect Minimum Median Maximum
number that are non- of nondetect
ments values
detect values values

Adams Creek 01438754 44 0 0 n.a. E 0.004 0.014 0.073
Big Flat Brook 01439830 44 0 0 n.a .005 011 182
Bush Kill 01439500 44 0 0 n.a 011 .027 21
Dingmans Creek 01438892 44 0 0 n.a .007 016 031
Hornbecks Creek 01439092 44 0 0 n.a .006 .016 .084
Little Bush Kill 01439680 44 0 0 n.a 011 .02 .044
Little Flat Br 01439920 44 0 0 n.a .007 .025 .176
Raymondskill Cr 01438700 45 0 0 n.a .008 018 .053
Sand Hill Creek 01439570 40 0 0 n.a .01 .033 .168
Sawkill Creek 0143839602 44 0 0 n.a .008 017 .189
Shimers Brook 01438400 44 0 0 n.a .009 019 .102
Toms Creek 01439400 45 0 0 n.a E .003 011 .069
Vancampens Br 01440100 39 0 0 n.a E .003 .008 .016
Vandermark Cr 01438301 44 0 0 n.a .01 .023 .084
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Table 3-6. Summary statistics for dissolved orthophosphate phosphorus in samples from water-quality monitoring stations on

streams in and near the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as P;
<, less than; E, estimated]

Percentage of

Greatest re-

. Number of Number of .
Station measurements  porting level - . .
Short name measure- nondetect Minimum Median Maximum
number that are nonde-  of nondetect
ments values
tect values values

Adams Creek 01438754 43 33 77 0.02 <0.003 0.002 E0.01
Big Flat Brook 01439830 43 40 93 .01 <.003 < .01 E .004
Bush Kill 01439500 44 11 25 01 <.003 01 21
Dingmans Creek 01438892 44 30 68 .02 <.003 .003 E .02
Hornbecks Creek 01439092 44 40 91 .02 <.003 <.02 E .004
Little Bush Kill 01439680 44 22 50 .01 <.003 .01 013
Little Flat Br 01439920 44 18 41 .01 <.003 .01 .04
Raymondskill Cr 01438700 45 34 76 .02 <.003 .002 E .01
Sand Hill Creek 01439570 39 9 23 01 <.003 01 .04
Sawkill Creek 0143839602 44 16 36 01 <.003 01 .02
Shimers Brook 01438400 44 28 64 .01 <.003 .003 .02
Toms Creek 01439400 45 22 49 01 <.003 01 E .01
Vancampens Br 01440100 39 29 74 .01 <.003 .003 E .01
Vandermark Cr 01438301 44 3 7 .01 <.01 012 .04
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Table 3-7. Summary statistics for measurements of total nitrogen at stations on streams in and near the Delaware Water Gap
National Recreation Area, 2002-2004.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as N;
<, less than]

Percentage of Greatest
. Number of Number of .
Station measurements  reporting level . . .
Short name measure- nondetect . Minimum Median Maximum
number which are non- of nondetect
ments values
detect values values

Adams Creek 01438754 44 0 0 n.a. 0.09 0.24 0.53
Big Flat Brook 01439830 44 2 5 0.1 <.1 21 .95
Bush Kill 01439500 44 0 0 n.a 12 .29 1.2
Dingmans Creek 01438892 44 0 0 n.a. .18 33 Sl
Hornbecks Creek 01439092 44 0 0 n.a. .16 .29 5.6
Little Bush Kill 01439680 44 0 0 n.a. .18 .35 .61
Little Flat Br 01439920 44 0 0 n.a .36 .54 1
Raymondskill Cr 01438700 45 0 0 n.a. 17 .29 52
Sand Hill Creek 01439570 40 0 0 n.a. 33 54 1.2
Sawkill Creek 0143839602 44 0 0 n.a. .19 42 1
Shimers Brook 01438400 44 0 0 n.a. 28 5 .87
Toms Creek 01439400 45 0 0 n.a 1 22 49
Vancampens Br 01440100 39 11 28 1 <.03 A1 1.4
Vandermark Cr 01438301 44 0 0 n.a 28 49 1.3
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Table 3-8. Summary statistics for dissolved nitrate plus nitrite in samples from water-quality monitoring stations on streams in and

near the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as N;
n.a., not applicable; <, less than; E, estimated]

Number of

Number of

Percentage of

Greatest

Short name :;::Loenr measure-  nondetect T::::::':ﬁ:ts ri‘;‘:‘::ﬁ::‘:l Minimum Median Maximum
ments values detect values values

Adams Creek 01438754 43 11 26 0.03 <0.03 0.06 0.23
Big Flat Brook 01439830 44 17 39 .03 <.025 .04 25
Bush Kill 01439500 44 17 39 .03 <.025 .04 1
Dingmans Creek 01438892 44 2 5 .03 <.03 .08 32
Hornbecks Creek 01439092 44 3 7 .03 <.025 .08 5.35
Little Bush Kill 01439680 44 7 16 .03 <.025 .06 25
Little Flat Br 01439920 44 0 0 n.a. .07 .29 5
Raymondskill Cr 01438700 45 10 22 .03 <.025 .04 .09
Sand Hill Creek 01439570 39 0 0 n.a. .07 22 49
Sawkill Creek 0143839602 44 0 0 n.a. .07 .26 .88
Shimers Brook 01438400 44 0 0 n.a. .08 2 .34
Toms Creek 01439400 45 0 0 n.a. E .04 .14 .33
Vancampens Br 01440100 39 23 59 .03 <.025 .03 13
Vandermark Cr 01438301 44 1 2 025 <.025 37 1.3
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Table 3-9. Summary statistics for dissolved ammonia in samples from water-quality monitoring stations on streams in and near the
Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as N; <,
less than; E, estimated]

Percentage of Greatest
. Number of Number of g reporting
Station measurements .. . .
Short name measure-  nondetect level of Minimum Median Maximum
number that are nonde-
ments values nondetect
tect values
values
Adams Creek 01438754 43 29 67 0.0075 <0.005 0.004 0.03
Big Flat Brook 01439830 44 40 91 .0075 <.005 <.0075 .018
Bush Kill 01439500 44 31 70 .0075 <.005 .002 151
Dingmans Creek 01438892 44 30 68 .0075 <.005 .005 .029
Hornbecks Creek 01439092 44 17 39 .0075 <.005 .008 .064
Little Bush Kill 01439680 44 28 64 .0075 <.005 .005 .084
Little Flat Br 01439920 44 11 25 .0075 <.005 .008 .024
Raymondskill Cr 01438700 45 18 40 .0075 <.005 .008 .03

Sand Hill Creek 01439570 39 16 41 .0075 <.005 .008 .047
Sawkill Creek 0143839602 44 37 84 .0075 <.005 <.0075 E .009
Shimers Brook 01438400 44 29 66 .0075 <.005 .005 .025
Toms Creek 01439400 45 43 96 .02 <.005 <.02 E .005
Vancampens Br 01440100 38 37 97 .0075 <.005 <.0075 E .005

Vandermark Cr 01438301 44 39 89 .0075 <.005 <.0075 E .01
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Table 3-10.

Summary statistics for acid-neutralizing capacity in samples from water-quality monitoring stations on streams in and
near the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as
CaCOS; n.a., not applicable; E, estimated]

Number of

Number of

Percentage of

Greatest re-

Short name ::I?‘:Loell measure-  nondetect t':::: ::I;enr::::: 2?::;%::::: Minimum Median Maximum
ments values tect values values
Adams Creek 01438754 18 0 0 n.a 5 8 E 14
Big Flat Brook 01439830 18 0 0 n.a 9 17 39
Bush Kill 01439500 19 0 0 n.a 4 7 15
Dingmans Creek 01438892 18 0 0 n.a 6 9 E23
Hornbecks Creek 01439092 18 0 0 n.a 7 11 18
Little Bush Kill 01439680 18 0 0 n.a. 4 6 12
Little Flat Br 01439920 18 0 0 n.a 64 102 E 158
Raymondskill Cr 01438700 18 0 0 n.a 5 9 16
Sand Hill Creek 01439570 16 0 0 n.a 69 104 139
Sawkill Creek 0143839602 19 0 0 n.a 8 12 E 20
Shimers Brook 01438400 18 0 0 n.a 56 101 E 172
Toms Creek 01439400 19 0 0 n.a. 8 13 E 19
Vancampens Br 01440100 15 0 0 n.a 10 18 E 44
Vandermark Cr 01438301 18 0 0 n.a 6 11 E 15
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Table 3-11. Summary statistics dissolved calcium in samples from water-quality monitoring stations on streams in and near the
Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.
[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as Ca;
n.a., not applicable]
) Numberof Number of Percentage of Gre?test re-
Station measurements  porting level .. . .
Short name measure- nondetect Minimum Median Maximum
number thatare non-  of nondetect
ments values
detect values values
Adams Creek 01438754 18 0 0 n.a. 2.97 3.73 5.2
Big Flat Brook 01439830 18 0 0 n.a. 3.99 6.6 12.3
Bush Kill 01439500 19 0 0 n.a. 2.59 3.44 5.97
Dingmans Creek 01438892 18 0 0 n.a. 3.32 4.13 6.96
Hornbecks Creek 01439092 18 0 0 n.a. 4.63 5.94 10.1
Little Bush Kill 01439680 18 0 0 n.a. 2.39 3.29 4.53
Little Flat Br 01439920 18 0 0 n.a. 23.1 36.75 53.3
Raymondskill Cr 01438700 18 0 0 n.a. 3.31 4.74 6.22
Sand Hill Creek 01439570 16 0 0 n.a. 32.5 46 65
Sawkill Creek 0143839602 19 0 0 n.a. 4.45 6.37 11.2
Shimers Brook 01438400 18 0 0 n.a. 20.4 36.7 55.7
Toms Creek 01439400 19 0 0 n.a. 4.53 6.17 6.9
Vancampens Br 01440100 15 0 0 n.a. 4.05 6.36 12.7
Vandermark Cr 01438301 18 0 0 n.a. 3.91 5.07 8.99
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Table 3-12. Summary statistics for dissolved chloride in samples from water-quality monitoring stations on streams in and near
the Delaware Water Gap National Recreation Area, Pa. and N.J., 2002-04.

[Stations are listed in order of short name; greatest reporting level of nondetect values, minimum, median, and maximum are in milligrams per liter as Cl;
n.a., not applicable]

Number of Number of Percentage of  Greatest re-

Short name :;::Loe': measure-  nondetect ":;:ts:::mnﬁzts g?:::ﬁi:::: Minimum Median Maximum
ments values detect values values

Adams Creek 01438754 18 0 0 n.a. 7.69 10.35 14.9
Big Flat Brook 01439830 18 0 0 n.a. 4.36 10.4 16.7
Bush Kill 01439500 19 0 0 n.a. 2.63 5.01 8.84
Dingmans Creek 01438892 18 0 0 n.a. 8.49 11.05 15.5
Hornbecks Creek 01439092 18 0 0 n.a. 12.9 19.7 53.6
Little Bush Kill 01439680 18 0 0 n.a. 3.55 5.27 8.04
Little Flat Br 01439920 18 0 0 n.a. 22.7 36.25 459
Raymondskill Cr 01438700 18 0 0 n.a. 13.7 18.55 26.4
Sand Hill Creek 01439570 16 0 0 n.a. 12.1 21.9 57
Sawkill Creek 0143839602 19 0 0 n.a. 12.4 21.8 34.8
Shimers Brook 01438400 18 0 0 n.a. 14.2 24.05 40.4
Toms Creek 01439400 19 0 0 n.a. 4.76 10.5 13.7
Vancampens Br 01440100 15 0 0 n.a. 1.97 2.66 3.68
Vandermark Cr 01438301 18 0 0 n.a. 7.31 12.2 25.8
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Appendix 4. Equations relating water quality, streamflow, and season at
stations on streams in and near the Delaware Water Gap National Recreation
Area, Pa. and N.J., 2002-04

The equations relating water quality, streamflow, and
season (listed in the index) are the basis for determining (a)
relations between water quality and streamflow, and relations
between water quality and season, and (b) changes in water
quality over time. Intercepts and coefficients for streamflow
and season are included. Also included are the levels of signif-
icance for each intercept and coefficient. All coefficients and
the intercept remain in the equation regardless of the level of
significance. Relations were determined with Tobit regression.

Relations for a water-quality characteristic at a station are
not presented if certain requirements of the data were not met.
These requirements are discussed in the text.

Index
Water-quality characteristic Table
Physical characteristics
Dissolved oxygen (July-September) 4-1
Specific conductance 4-2
pH 4-3
Attenuation turbidity 4-4
Plant nutrients
Total phosphorus 4-5
Dissolved orthophosphate phosphorus 4-6
Total nitrogen 4-7
Dissolved nitrate plus nitrite 4-8
Dissolved ammonia 4-9
Major ions

Acid-neutralizing capacity 4-10
Dissolved chloride 4-11

Dissolved calcium 4-12
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For additional information, write to:
Director

U.S. Geological Survey

New Jersey Water Science Center
Mountain View Office Park

810 Bear Tavern Rd., Suite 206
West Trenton, NJ 08628

or visit our Web site at:
http://nj.usgs.gov/
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